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Real Party in Interest 
The real party in interest in this case is K.U. Leuven Research & Development, to 
whom all interest in the present application has been assigned. 



Related Appeals and Interferences 
There are no pending appeals or interferences related to this case. 



Status of Claims 

Claims 65-66, 70-75, and 80-83 are pending. Claims 70, 71, 75, and 80-83 would 
be allowable if submitted in a separate, timely filed amendment. Claims 65 and 66 were 
rejected under § 103(a) and are addressed in this appeal. 



Status of Amendments 
Appellants' amendment dated June 9, 2006 cancelling claims 72-73 and 83 has not 
been entered. Claims Appendix B includes the pending claims (Claims 65-66, 70-71, and 
80-82) as reflected upon entry of the June 9, 2006 amendment. 
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Summary of Claimed Subject Matter 

Appellants' invention generally features a pharmaceutical composition which 
includes a monovalent antibody fragment which binds in vivo to human platelet 
glycoprotein GPIb without incurring thrombocytopenia and a pharmaceutically acceptable 
carrier (claim 65; WO 01/1091 1, p. 6, 11. 29-32). In a desirable embodiment, the fragment 
is a Fab fragment or a single variable domain (claim 66; WO 01/1091 1, p. 10, 11. 15-32 
and p. 1 , 11. 6). In other desirable embodiments, the variable region of the fragment 
includes SEQ ID NO: 4 (claim 70; WO 01/1091 1, Figure 13). In still another desirable 
embodiment, the monovalent antibody fragment is obtained from a monoclonal antibody 
produced by the cell line deposited with the Belgian Coordinated Collections of 
Microorganisms, under accession number LMBP 5108CB (claim 7; WO 01/1091 1, p. 10, 
11. 17-20). 



Grounds of Rejection to be Reviewed on Appeal 

Appellants submit that the Office erred, in its final Office Action mailed May 27, 
2005 and Advisory Actions mailed respectively December 30, 2005 and April 24, 2006, in 
finally rejecting claims 65 and 66 under 35 U.S.C. § 103(a) as being unpatentable over 
Ward et al. ("Epitope and functional characterization of the CD42 (gpIb/IX) mAb panel." 
Platelet Antigens: 1336-1337, 1995) in view of Owens et al. ("The Genetic Engineering of 
Monoclonal Antibodies." Journal of Immunological Methods 168:149-165 (1994)) and 
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Tsurumizu, U.S. Patent No. 4 ? 73 1,245 (the '"245 patent") titled "Vaccine, Antigen, and 
Antibody for Treating Microorganisms of the MCLS-Type Streptococcus Sanguis 
Kawasaki Disease." 

Argument 

Rejections under 35 U.S.C. S 103(a) 

As discussed above, claims 65 and 66 were finally rejected under 
35 U.S.C. § 103(a) as being unpatentable over Ward et al. (1995) in view of Owens et al. 
(1994) and U.S. Patent No. 4,731,245 (hereafter "the '245 patent"). Appellants address 
each of these rejections as follows. 

The Claimed Invention 

Appellants' application, in general, includes claims directed to a pharmaceutical 
composition. Claims 65 and 66 read as follows: 

65. A pharmaceutical composition comprising a monovalent 
antibody fragment which binds in vivo to human platelet 
glycoprotein GPIb without incurring thrombocytopenia and a 
pharmaceutically acceptable carrier. 

66. The pharmaceutical composition according to claim 65, wherein 
said fragment is a Fab fragment or a single variable domain. 
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The Cited References 



Ward 

In characterizing the Ward reference, the Office states: 

Ward et al teach 17 monoclonal antibodies that bind GPIba epitope 
of the platelet surface glycoprotein (see table 1 in particular). Ward 
et al teach that eight antibodies mapped to the N-terminal fragments 
of gplba, and these were tested for their ability to block binding of 
1251-labelled von Willebrand factor to washed platelets in the 
presence of ristocetin or botrocetin. Ward et al teach that mAb PO 14 
(epitope 1-282), P024 (epitope 1-282), P073 (epitope 1-282). P074 
(epitope 1-282) and P077 (epitope 1-282 completely inhibited vWF 
binding with [either] modulator (see page 1337, 1 st col, 3 rd paragraph 
and table 1 in particular). Finally, Ward et al teach that the inhibitory 
functions of the CD42b antibodies with their epitopes on gplba may 
provide valuable insights into mechanisms of vWF function both in 
vitro and in vivo (pg 1337, last paragraph in particular). 

Owens 

In connection with Owens, the Office asserted: 

[T]he modification of murine antibodies such as single chain 
antibody, a Fab fragment or a humanized antibody using monoclonal 
antibody technology. Owens et al further teach humanized 
antibodies [used] in therapy of human diseases or disorders, since 
human or humanized antibodies are much less likely to induce an 
immune response. Also, antibody fragments are the reagents of 
choice for some clinical applications (see the entire document). 

The '245 patent 

In addition, the Office, in connection with the '245 patent, states: 

The 4 245 patent teaches a composition comprising the antibody to the 
PLS antigen, as the active ingredient in association with a 
pharmaceutical^ acceptable carrier or excipient. The composition 
may preferably take the forms suitable for oral administration. 
Advantageously, the composition may be formulated in dosage unit 
form. The amount of the active ingredient contained in each dosage 
unit may be adjusted so as to enable the administration of the 
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antibody at a daily dose (see col., 7 line 63 through col., 8 line 3 in 
particular). 

Based on these references, the Office concluded that "the invention taken as a 
whole is prima facie obvious over the prior art." In reaching this conclusion, the Office 
explained: 

It would have been obvious to one of ordinary skill in the art at the 
time the invention was made to produce the monoclonal antibody 
taught by Ward et al as Fab as taught by the Owens et al and place 
the resultant Fab fragment which binds to platelet glycoprotein 
GPIba polypeptide taught by the Ward et al reference in a 
composition taught by the '245 patent. 

One of ordinary skill in the art at the time the invention was made 
would have been motivated to do so because eight antibodies mapped 
to the N-terminal fragments of gplba, and these were tested for their 
ability to block binding of 125 1-labelled von Willebrand factor to 
washed platelets in the presence of ristocetin or botrocetin and 
because it would further lead to insights into mechanisms of vWF 
function both in vitro and in vivo. Given that the antibody fragments 
are the reagents of choice for some clinical applications one ordinary 
skill in the art at the time the invention was made would be motivated 
to include such fragments in a composition because the composition 
can be formulated in dosage unit form. The amount of the active 
ingredient contained in each dosage unit may be adjusted so as to 
enable the administration of the antibody at a daily dose as taught by 
'245 patent. 

This rejection should be withdrawn, as it is applied to claim 65 and claim 66, 
because the asserted motivation for combining these references is unsupported by the 
references themselves. No prima facie case for obviousness exists in this case. 
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Analysis 

In determining whether an invention is obvious, the Office must determine if "the 
differences between the subject matter sought to be patented and the prior art are such that 
the subject matter as a whole would have been obvious at the time the invention was made 
to a person having ordinary skill in the art to which said subject matter pertains." 
35 U.S.C. § 103. The factual inquiries underlying obviousness include (1) the scope and 
content of the prior art, (2) the differences between the prior art and the claims at issue, 
(3) the level of ordinary skill in the art at the time the invention was made, and (4) any 
objective evidence of nonobviousness. Graham v. John Deere Co., 383 U.S. 1, 17-18, 15 
L. Ed. 2d 545, 86 S. Ct. 684 (1966). "The consistent criterion for determination of 
obviousness is whether the prior art would have suggested to one of ordinary skill in the 
art that this process should be carried out and would have a reasonable likelihood of 
success, viewed in the light of the prior art." In re Dow Chem. Co., 837 F.2d 469, 473 
(Fed. Cir. 1988). Obviousness requires one of ordinary skill in the art have a reasonable 
expectation of success as to the invention~"obvious to try" and "absolute predictability" 
are incorrect standards. In re O'Farrell, 853 F.2d 894, 903 (Fed. Cir. 1988). 

The Federal Circuit has further stated: 

"[Virtually all [inventions] are combinations of old elements." 
Therefore an examiner may often find every element of a claimed 
invention in the prior art. If identification of each claimed element in 
the prior art were sufficient to negate patentability, very few patents 
would ever issue. 
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In reRouffet, 149 F.3d 1350, 1357-58, 47 USPQ2d 1453, 1457 (Fed. Cir. 
1998) (internal citations omitted). 

"Both the suggestion and the expectation of success must be founded in the prior 
art, not in the applicant's disclosure." In re Dow Chew. Co., 837 F.2d 469, 473, 5 
U.S.P.Q.2d 1529, 1531 (Fed. Cir. 1988). As the Federal Circuit has observed (emphasis 
added): 

A critical step in analyzing the patentability of claims pursuant to section 
103(a) is casting the mind back to the time of invention , to consider the 
thinking of one of ordinary skill in the art, guided only by the prior art 
references and the then-accepted wisdom in the field. . . . Most if not all 

inventions arise from a combination of old elements , . . . Thus, every 
element of a claimed invention may often be found in the prior art. . ... . 

However, identification in the prior art of each individual part claimed is 
insufficient to defeat patentability of the whole claimed invention. . . . 

Rather, to establish obviousness based on a combination of the elements 
disclosed in the prior art, there must be some motivation, suggestion or 
teaching of the desirability of making the specific combination that was 
made by the applicant. 

In reKotzab, 217 F.3d 1365, 1369-70, 55 U.S.P.Q.2d 1313, 1316 (Fed. Cir. 2000) 
(citations omitted) (emphasis added). 

Moreover, the evidence of a suggestion, teaching, or motivation to combine " must 

be clear and particular (emphasis added). 5 ' Dernbiczak, 175 F.3d at 999, 50 U.S.P.Q.2d 

at 1617. "Defining the problem in terms of its solution reveals improper hindsight in the 

selection of the prior art relevant to obviousness." Monarch Knitting Mack Corp. v. 

Sulzer Moral GMBH, 139 F.3d 877, 881, 45 U.S.P.Q.2d 1977, 1981 (Fed. Cir. 1998). 

Thus, even if the Examiner identifies every element of a claimed invention in the prior art, 
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this alone is insufficient to negate patentability. Otherwise, "rejecting patents solely by 
finding prior art corollaries for the claimed elements would permit an examiner to use the 
claimed invention as a blueprint for piecing together elements in the prior art to defeat the 
patentability of the claimed invention." Rouffet, 149 F.3d 1350, 1357, 47 U.S.P.Q.2d 
1453, 1457 (Fed. Cir. 1998). To avoid hindsight based on the invention to defeat 
patentability of the invention, the Federal Circuit requires an Examiner to show a 
motivation to combine the references that create the case of obviousness. Id. That is, "the 
examiner must show reasons that the skilled artisan, confronted with the same problems as 
the inventor and with no knowledge of the claimed invention , would select the elements 
from the cited prior art references for combination in the manner claimed. 5 ' Id at 1357, 
1458 (emphasis added). The Supreme Court recognized the hindsight problem in Graham 
and proposed that "legal inferences" resulting from "secondary considerations" might help 
to overcome it. 383 U.S. at 36 ("[Secondary considerations] may also serve to guard 
against slipping into use of hindsight, and to resist the temptation to read into the prior art 
the teachings of the invention in issue." (internal quotations omitted)). 

As explained below, the Office has failed to show a prima facie case of 
obviousness and the rejections of claim 65 and claim 66 should therefore be withdrawn. 
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Ward, Owens, and the '245 Patent Fail to Motivate, Teach, or Suggest the 
Invention of Claim 65 or Claim 66 

As motivation for combining the cited references, the Office states that "because 
eight antibodies mapped to the N-terminal fragments of gplba and because it would lead 
to insights into the mechanisms of vWF function." There is, however, nothing in the 
references of record that provides any basis for selecting a monovalent antibody fragment 
that binds in vivo to GPlb or to use such a fragment in a pharmaceutical composition, and 
the Office's analysis amounts to merely an invitation to experiment. 

First, the Office's statement that "[g]iven that the antibody fragments are reagents 
of choice for some clinical applications one [of skill in the art] would be motivated to 
include such fragments in a composition," is plainly predicated on an improper "obvious 
to try" standard. It is insufficient that one skilled in the art might find it "obvious to try" 
combining the Ward, Owens, and ' 245 patent references. As the Federal Circuit has held, 
an obvious to try situation does not render a claim "obvious" within the meaning of 
section 103. ("An invention is obvious to try rather than obvious within the meaning of 
§ 103 ""where the prior art [gives] either no indication of which parameters [are] critical 
or no direction as to which of many possible choices is likely to be successful."" Merck & 
Co., Inc. v. Biocr aft Labs., Inc., 874 F.2d 804, 807 (Fed. Cir. 1989) (quoting /rc re 
O'Farrell, 853 F.2d 894, 903 (Fed. Cir. 1988)).) 

It is undisputed that neither Ward, Owens, nor the 4 245 patent contains an express 
suggestion of either "a monovalent antibody fragment which binds in vivo to . . . GPlb," 
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much less a "pharmaceutical composition comprising a monovalent antibody fragment 
which binds in vivo to ... GPlb." Indeed, nothing in the cited references would have 
suggested to a person of ordinary skill in the art that a pharmaceutical composition that 
includes a monovalent antibody would function in vivo without incurring 
thrombocytopenia as claimed. Moreover, the Office, apart from pointing out that Ward 
teaches 17 monoclonal antibodies that bind GPlbot epitope, provides no scientific 
evidence or reasoning that there would have been a "reasonable expectation of success" in 
creating a pharmaceutical composition as claimed. 

The Examiner has referred to Ward as disclosing antibodies that bind GPlbot 
epitope. On the contrary, Ward relates to intact monoclonal antibodies which are shown 
to inhibit vWF binding and ristocetin and botrocetin-induced platelet aggregation in vitro. 
Ward et al. speculates that "further studies comparing inhibitory functions may provide 
valuable insights into the mechanisms of vWF function in vitro and in vivo " (emphasis 
added), but provides no in vivo data. It is clear that Ward was only beginning to 
investigate GPlb antibodies. Indeed, Ward's antibodies were developed to perform 
epitope-mapping in vitro. Although these data may help to explain how proteins interact 
in vivo, they are not necessarily useful as pharmaceutical compositions. This reference 
provides no scientific or logical predicate for rendering Appellants' claims obvious. 

Next, appellants point out that Ward carried out in vitro experiments, which, as is 
well known, frequently fail to be predictive of in vivo results. Claim 65 requires that the 
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monovalent antibody fragment bind in vivo . . . without incurring thrombocytopenia. Ward 
fails to teach a single monovalent antibody to GPlb. Moreover, nothing in the Ward in 
vitro experiments takes into account whether thrombocytopenia is prevented in vivo. 

Indeed, Appellants note the invention of claim 65 relates to the use of monovalent 
GPlb antibody fragments as pharmaceutical compositions because it is based on 
Appellants' discovery that monovalent antibody fragments are capable of inhibiting GPlb 
in vivo platelet aggregation (which is required for an antithrombotic effect) without 
causing thrombocytopenia. Furthermore, as is discussed below, the skilled person at the 
time of filing of the present application was aware of the thrombocytopenia induced by 
antibodies against GP 1 b based on the publications describing in vivo experiments in 
animal models, and therefore would not be motivated to use such antibodies as 
pharmaceutical compositions. Appellants further note that there is no indication in the art 
as to what caused this thrombocytopenic side-effect. Accordingly, Appellants submit that 
it was unobvious for the skilled person to develop a pharmaceutical composition that 
includes a monovalent antibody fragment that binds in vivo to GPlb at the time of filing. 

In addition, it is inappropriate for the Office to view Owens, Ward, and the '245 
patent in hindsight and with the success of Appellants' invention in mind. Instead, what is 
required is that the Office must "cast its mind back to the time of the invention," as 
required by In re Dow and be guided "only by the prior art references and the then- 
accepted wisdom in the field." In re Dow, 837 F.2d at 473 (emphasis added). 
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If this standard is applied, it is clear that a skilled worker reading Ward would not 
be motivated to look to Owens or the '254 patent or both. Ward never indicates that one 
of the 17 monoclonal antibodies that bind GPlba would be beneficial for therapeutic 
administration. Ward makes no mention of antibody fragments, and further never teaches 
or suggests that monovalent fragments of the anti-GPlba antibodies be produced. Ward, 
as mentioned above, is also uncertain as to the significance of their own findings, 
concluding "[fjurther studies . . . may provide valuable insights into the mechanisms of 
vWF function in vitro and in vivo," What are the valuable insights into the mechanisms 
of vWF function? At best, Ward advocates additional research. Ward provides no "clear 
and particular" direction for using any of the eight disclosed antibodies as therapeutics. 

With respect to Ward, the Office also asserts that "Ward has done nothing different 
[than] the [Appellants'] specification with respect to in vivo data." Appellants disagree. 
Unlike Ward, which provides no opinion on in vivo function of the anti-GPlb antibodies, 
Appellants teach, for example, in vivo baboon studies (Examples 7-9). 

Owens and the 4 245 patent never mention antibodies that bind human glycoprotein 
GPlb much less suggest that the claimed antibodies would be beneficial therapeutics. 

Turning now to Owens, this reference describes the modification and production of 
antibodies or fragments by genetic engineering. Different types of antibodies and 
fragments are discussed. Generally, problems encountered with natural antibodies are 
described. In the context of the construction of Fv and single chain Fv fragments, the 



12 



advantage of Fvs over Fab antibodies is presented. Owens does not specifically describe 
the advantages of monovalent antibody fragments (Fabs or Fvs) over complete antibodies 
or F(ab)2 fragments. Given this teaching, Owens plainly does not suggest Appellants' 
claimed invention. Accordingly, Owens cannot teach or suggest what they themselves did 
not know or recognize. The Ward and Owens references are unavailing, and, in 
combination, cannot support the present obviousness rejection. 

The 4 245 patent is cited for teaching a composition that includes antibody as an 
active ingredient. It provides no information regarding Appellants' claimed invention 
either alone or in combination with Ward or Owens. Both references are unavailing 
because each merely provides methods known at the time the application was filed. None, 
alone or in combination with Ward, provides a single insight into the in vivo therapeutic 
activity of the claimed pharmaceutical compositions. 

The Ward, Owens, and '245 patent prior art combination is not the type of "clear 
and particular" motivation required by the Federal Circuit. In re Dembiczak, 175 F.3d at 
999. Without motivation for the combination of references, no prima facie case of 
obviousness can exist, and the § 103 rejection on this basis alone must be withdrawn. 

Cadroy, Bergmeier, and Phillips Teach Away From 
the Invention of Claims 65 or 66 or both 

Appellants further note that a number of anti-GPlb antibodies had been described 
in the art at the time of filing of the present application. Despite their ability to block 
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ristocetin-induced platelet aggregation in vivo, these antibodies would not be considered 

as suitable pharmaceutical compounds by the skilled person as these antibodies were also 

found to induce thrombocytopenia when used in vivo. As evidence of this assertion, 

Appellants direct the Examiner's attention to the publication of Cadroy et aL, Blood 

83:3218-3224 (1994) and Bergmeier et al, Blood 95:886-893 (2000), which both describe 

the administration of monoclonal antibodies to GPlb or F(ab)2 fragments thereof in vivo 

in animal models. In contrast to Appellants' claimed invention, both articles report the 

immediate induction of thrombocytopenia upon administration of the antibody. 

The Office, in its final Action, attributed little weight to Appellants 9 reliance on the 

Cadroy and Bergmeier references, stating: 

Both references used either an intact antibody or a divalent antibody, but not 
monovalent antibody. Again the resultant antibody fragment of Fab or scFv 
would not be expected to cause thrombocytopenia. 

Bergmeier, makes clear, however, at page 892 (2 paragraph) that "attempts to 
block certain epitopes on GPlb with modified antibodies may generally result in 
thrombocytopenia. . ..[and] in vivo blockage of certain epitopes on GPlb may, therefore, 
not be a promising antithrombotic strategy " (emphasis added.) Bergmeier teaches that 
antibody binding to GPlb results in thrombocytopenia, regardless of whether the antibody 
is a F(ab) 2 , Fab, or scFv. Indeed, Bergmeier concedes that thrombocytopenia results from 
the binding between the antibody and its GPlb epitope. 
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Bergmeier discourages one skilled in the art away from Appellants' monovalent 
antibody fragment pharmaceutical composition antithrombotic strategy. Bergmeier' s 
teaching would lead a person of ordinary skill, upon reading the reference, in a direction 
divergent from the path that was taken by Appellants. The skilled worker would not be 
led to construct additional antibody fragments such as Fabs or scFvs when Bergmeier 
teaches that antibody binding to GPlb results in thrombocytopenia, much less use such 
fragments in a pharmaceutical composition. For this reason as well, the obviousness 
rejection in this case must be withdrawn. See, for example, In re Haruna, 249 F.3d 1327, 
1335, 58 U.S.P.Q.2d 1517, 1522 (Fed. Cir. 2001) ("A prima facie case of obviousness can 
be rebutted if the applicant ... can show 'that the art in any material respect taught away' 
from the claimed invention .... A reference may be said to teach away when a person of 
ordinary skill, upon reading the reference, ... would be led in a direction divergent from 
the path that was taken by the applicant ")(emphasis added) (citations omitted). 

Indeed, as further evidence that use of antibodies against GPlb as therapeutics was 
discouraged by workers in the field, Appellants, in their reply to the final office action, 
further directed the examiner's attention to Phillips et al. (Therapeutic approaches in 
arterial thrombosis, Journal of Thrombosis and Haemostasis 3:1577-1589, 2005) at page 
1583, left column, where it is stated that "[modulation of the VWF/GPIba axis has been 
the subject of many investigations with promising animal experimental results, but severe 
thrombocytopenia has been associated with the use of antibodies against GPIba, thus 



15 



reducing the general interest of the scientific community for several years." Given this 
statement too, it is unreasonable to assume that one skilled in the art, at the time the 
application was filed, would have been motivated to combine the teachings of Ward, 
Owens, and the '245 patent in the manner suggested by the Office. 

The Office's Obviousness Analysis is Based on Impermissible Hindsight 

Finally, the Office has failed to explain, when analyzing the references made of 

record, what specific understanding would have suggested the combination of references 

relied on by the Office, especially in view of the Appellants' results. Instead, the 

obviousness analysis is limited to a discussion of how the references can be pieced 

together to yield the claimed invention. As the Federal Circuit stated in Interconnect 

Planning Corp. v. Feil, 774 F.2d 1 132, 227 U.S.P.Q. 543 (Fed. Cir. 1985): 

It is an error to reconstruct the patentee's claimed invention from the 
prior art by using the patentee's claim as a "blueprint." When prior 
art references require selective combination to render obvious a 
subsequent invention, there must be some reason for the combination 
other than the hindsight obtained from the invention itself. 

To believe that one skilled in the art would be motivated to generate Appellants' 

disclosed monovalent antibody fragments to make the claimed pharmaceutical 

compositions, when Ward, Owens, and the '245 patent, either alone or in combination, 

never even discuss, suggest, or mention instructions for making the claimed antibodies is 

to assume a level of inspiration constituting inventive activity. The case law makes clear 

that to avoid a hindsight-based obviousness analysis that the Patent Office bears the 

16 



burden of elucidating factual teachings, suggestions, or incentives from the prior art that 
show the suitability of the combination of references. See Graham v. John Deere Co., 383 
U.S. 1, 18, 148 U.S.P.Q. 459, 467 (1966) ("strict observance" of factual predicates to 
obviousness conclusion required). 

Office's Conclusion Regarding Fab or scFv fragments (claim 66) is 
Unsupported by Substantial Evidence 

Appellants also point out that the Office, provides no authority, as required by the 
Federal Circuit, for the conclusion that Fab or scFv fragments would "not be expected to 
cause thrombocytopenia" in the context of an antibody that binds to GPlb. See, for 
example, In re Sang Su Lee, 277 F.3d 1338, 1343, 61 U.S.P.Q.2d 1430, 1433 (Fed. Cir. 
2002), quoting McGinley v. Franklin Sports, Inc., 262 F.3d 1339, 1351-1352, 60 
U.S.P.Q.2d 1001, 1008 (Fed. Cir. 2001). ("[T]he factual question of motivation [to 
combine references] is material to patentability, and ...[cannot] be resolved on subjective 
belief and unknown authority."). 

Office's Inherency Theory is Legally Incorrect 

The Office's reliance on an inherent characteristic of the resultant antibodies (i.e, 
"without incurring thrombocytopenia") is also contrary to Federal Circuit case law. In In 
re Rijckaert, 9 F.3d 153 1, 28 U.S.P.Q.2D 1955 (Fed. Cir. 1993), the court faced with an 
equivalent question unambiguously held that: 
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"The mere fact that a certain thing may result from a given set of 
circumstances is not sufficient [to establish inherency.]" In re Oelrich , 666 
F.2d 578, 581-82, 212 USPQ 323, 326 (CCPA 1981) (citations omitted) 
(emphasis added). 'That which may be inherent is not necessarily known. 
Obviousness cannot be predicated on what is unknown." In re Spormann, 
363 F.2d 444, 448, 150 USPQ 449, 452 (CCPA 1966). Such a retrospective 
view of inherency is not a substitute for some teaching or suggestion 
supporting an obviousness rejection. In re Newell, 891 F.2d 899, 901, 13 
USPQ2d 1248, 1250 (Fed. Cir. 1989) 

The holding goes directly to the issue of the appropriateness of the Office's obviousness 

rejection in view of its finding that the "resultant antibody fragment . . . would not be 

expected to cause thrombocytopenia." The Office provides no support for its inherency 

theory. Appellants' claim limitation "without incurring thrombocytopenia" is neither 

"inherent" in Ward and Owens, nor the '245 patent. In short, the Office's retrospective 

view of inherency is not a substitute for some teaching or suggestion which supports the 

selection and use of the claimed composition. For this reason too, Appellants respectfully 

request reconsideration of the obviousness rejection 

In conclusion, the Office's finding of obviousness is neither supported by a 

scientifically reasoned basis, nor substantial evidence. The Office has not shown a proper 

prima facie case of obviousness, and the rejection of the claims under § 103 for 

obviousness over Ward in view of Owens and the '245 patent should therefore be 

withdrawn. 
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Conclusion 



Appellants respectfully request that the rejection of claims 65 and 66 be reversed. 
Enclosed is a check for $250.00 in payment of the fee required by 37 C.F.R. 

§ 41.20(b)(2). 

If there are any additional charges or any credits, please apply them to Deposit 
Account No. 03-2095. 



Respectfully submitted, 




Clark & Elbing LLP 
101 Federal Street 
Boston, MA 021 10 
Telephone: 617-428-0200 
Facsimile: 617-428-7045 



19 



Claims Appendix A 

1-64 (cancelled) 

65. (previously presented) A pharmaceutical composition comprising a monovalent 
antibody fragment which binds in vivo to human platelet glycoprotein GPIb without 
incurring thrombocytopenia and a pharmaceutically acceptable carrier. 

66. (previously presented) The pharmaceutical composition according to claim 65 , 
wherein said fragment is a Fab fragment or a single variable domain. 

67. (cancelled) 

68. (cancelled) 

69. (cancelled) 

70. (previously presented) The pharmaceutical composition according to claim 65, 
wherein the variable region of said fragment comprises SEQ ID NO: 4. 

7 1 . (previously presented) The pharmaceutical composition according to claim 65, 
wherein said monovalent antibody fragment is obtained from a monoclonal antibody 
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produced by the cell line deposited with the Belgian Coordinated Collections of 
Microorganisms, under accession number LMBP 5108CB. 

72. (previously presented) A monovalent antibody fragment which binds in vivo to 
human platelet glycoprotein GPIb, and prevents the binding of von Willebrand factor 
to human platelet glycoprotein GPIb. 

73. (previously presented) The fragment of claim 72, which is an F ab fragment or a 
single variable domain. 

74. (previously presented) The fragment of claim 72, which inhibits platelet adhesion 
under high shear conditions. 

75. (previously presented) The fragment of claim 72, wherein said monovalent antibody 
fragment is obtained from a monoclonal antibody produced by the cell line deposited 
with the Belgian Coordinated Collections of Microorganisms, under accession 
number LMBP 5108CB. 

76. (cancelled) 



77. (cancelled) 
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78. (cancelled) 

79. (cancelled) 

80. (previously presented) A monoclonal antibody produced by the cell line deposited 
with the Belgian Coordinated Collections of Microorganisms, under accession 
number LMBP 5108CB. 

81. (previously presented) A cell line, capable of producing an antibody directed against 
GPlb deposited with the Belgian Coordinated Collections of Microorganisms, under 
accession number LMBP 5108CB. 

82. (previously presented) A humanized antibody fragment derivable from the 
monoclonal antibody of claim 80, wherein said humanized antibody fragment binds 
GPlb. 

83. (previously presented) The antibody fragment of claim 72, wherein the variable 
regions of said fragment comprises SEQ ID NO: 4. 
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NT 

Claims Appendix B 

1-64 (cancelled) 

65. (previously presented) A pharmaceutical composition comprising a monovalent 
antibody fragment which binds in vivo to human platelet glycoprotein GPIb without 
incurring thrombocytopenia and a pharmaceutically acceptable carrier. 

66. (previously presented) The pharmaceutical composition according to claim 65 , 
wherein said fragment is a Fab fragment or a single variable domain. 

67. (cancelled) 

68. (cancelled) 

69. (cancelled) 

70. (previously presented) The pharmaceutical composition according to claim 65, 
wherein the variable region of said fragment comprises SEQ ID NO: 4. 

71 . (previously presented) The pharmaceutical composition according to claim 65, 
wherein said monovalent antibody fragment is obtained from a monoclonal antibody 
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produced by the cell line deposited with the Belgian Coordinated Collections of 
Microorganisms, under accession number LMBP 5108CB. 



72. (cancelled) 

73. (cancelled) 

74. (cancelled) 

75. (cancelled) 

76. (cancelled) 

77. (cancelled) 

78. (cancelled) 

79. (cancelled) 

80. (previously presented) A monoclonal antibody produced by the cell line deposited 

with the Belgian Coordinated Collections of Microorganisms, under accession 
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number LMBP 5108CB. 

81. (previously presented) A cell line, capable of producing an antibody directed against 
GPlb deposited with the Belgian Coordinated Collections of Microorganisms, under 
accession number LMBP 5108CB. 

82. (previously presented) A humanized antibody fragment derivable from the 
monoclonal antibody of claim 80, wherein said humanized antibody fragment binds 
GPlb. 

83. (cancelled) 
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Cadroy et aL, Blood 83:3218-3224 (1994) - Final Office Action mailed May 27, 2005, 
page 7 

Bergmeier et aL, Blood 95:886-893 (2000) - Final Office Action mailed May 27, 2005, 
page 7 

Phillips et aL (Therapeutic approaches in arterial thrombosis, Journal of Thrombosis and 
Haemostasis 3:1577-1589, 2005) - Advisory Action mailed December 30, 2005, page 2, 
paragraph 3 
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Relative Antithrombotic Effects of Monoclonal Antibodies Targeting 
Different Platelet Glycoprotein- Adhesive Molecule Interactions in 

Nonhuman Primates 

By Yves Cadroy, Stephen R. Hanson, Andrew B. Kelly, Ulla M, Merzec. Bruce L Evatt Thomas J. KunicW, 

Robert R. Montgomery, end Laurence A. HarkBr 



The relative antithrombotic efrectiv*ne*§ of targeting glyco- 
protein <GP) lb-dependent versus eriib-ma-dapendent 
platelet Interactions haa been determined in beboons by 
measuring thrombus formation after infusing comparable 
Bntihemostatlc doses of antl-von Wlllebrand lector (vWF) 
monoclonal antibody IMoAb) BB3-BD5- anti-GPlb MoAb 
AP1# end antl-GPIIb-Hla MoAb UI-GPg undor condition* of 
arterial and venous flow (shear rates of 750 to 1,000 sec- 
onds' 1 and 100 seconds" 1 , respectively). Thrombus forma- 
tion woo quantified oo 111 in-plotolot deposition and 1aa Mibri n 

accumulation on segments of collagen-coated tubing inter- 
posed m chronic exteriorized arteriovenous (AV) shunts for 
40 minutes. In vitro, anti-vWF MoAb BW BDG (IgG) end ami- 

OPib MoAb AM HflG or P(ab) 2 fragments] inhibited rlsto- 
cetln-indueed platelet aggregation £IC» 50 nmolJL and 1 
pmoJ/U respectively! , but norther of these MoAbe blocked 

platelet aggregation induced by adenosine diphosphate 
<ADP1 iP > .51- Conversely. anti-GPIIb4Ua MoAb U-CP8 in- 
hibited platelet aggregation Induced by ADP 1 pmoi/ 

D r but tailed to bloc* ristocetin-induced platelet aggregation 
<P > .B). in vivo, the Intravenous Infusion of anti-vWF MoAb 
BB3 BD6 or antJ-GPIIb-llia MoAb U-CPO Into baboons at 

FATBLET ADHESION and cohesion are essential pro- 
cesses in hemostatic plug formation and vascular 

thrombus formation. These reactions arc mediated by platelet 

membrane ejy coproiein (GP)-receptor binding with adhesive 
protein, including fibrinogen, von Willebrand factor (vWF), 
fibronectiiu vitronectin, laminin, and ihrombospondin. Under 
high-shear flow conditions the initial attachment of platelets 
to subendochelial matrix proteins depends largely on platelet 
GPIb binding with vWR |,? For example, in flow chamber** 
anti-GPIb monoclonal antibody (MoAb) or anii-vWF MoAb 
directed against the corresponding binding domain * of *WF 
or GPIb inhibit both platelet adhesion ana accumulation on 
subendothelium and collagen-coated surfaces, 0 In vivo. 
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doses that abolished corresponding sgonist-lndueed aggre- 
gation e* vivo (bolus injections of 0.5 mg/kg and 10 mgf 
kg. respectively! prolonged template bleeding times from 
baeefine values of 4,0 ± 0,3 minutes to >27 as 4 minutes, 
and to >Z6 ± 4 minutes, respectively \F< .001 In both cases), 
without aft eetino the peripheral platelet count IF> .5). How- 
ever, Injection of enti-GPlb MoAb AP1 f.10 mg/kg ee IgG or 1 
mg/kg as Flab)* fragments) produced Immediate irreversible 
thrombocytopenia (<4O,00D platelets* jxU Antl- GPluVllla 
MoAb U-CPfi abolished platelet deposition end fibrin eeou- 
mulation on collagen segments under both arterial end ve- 
nous flow conditions IP < -01 in all eases), whereas MoAb 
BBS BDB produced minimal Inhibition of platelet deposition 
and no decrease In fib fin accumulation at arterial sneer rates 
and undetectable arrtfthrombotie outcomes at low shear. 
Thus, inhibiting QPlrbHlb-depertdent pletelet recruitment 

abrogates botn thrombus formation and platelet hemostatic 
function st both venous and arterial shear rates. By contrast 

interfering with OPIb^WF- despondent pletelet interactions 
abolishes platelet hemostatic function without producing 
corresponding antithrombotic effects. 
& 1»i hf Th* American &oefefy 0/ Hamatctogy 

MoAbs against OlPIb markedly prolong the bleeding time in 

swine, 0 and ami-vWF MoAbs exhibit both antihemostadc 

and antithrombotic effects in the Same species.™ 

Interactions with adhesive proteins and expressed GPIIb- 
Itta receptors are critical for platelet recruitment in the for- 
mation of thrombus. 30 as illustrated by the capacity of 
MoAbs directed against GPttb-IIIa to impair platelet spread- 
ing and thrombus formation on subenoothelium, particularly 
under arterial flow conditions .^W 0 In experimental animal* 
these MoAbs against GPIXb-Illa are substantially more anli- 

Ihrombotic than aspirin and standard heparin. M - ,,,M Such 

MoAbs also interfere Mih aspirin- and heparin-restsiam 
thrombotic events in paiienu undergoing thrombolytic ther- 
apy for acute rnyocanaial infarction and unstable angina. 1 * 1 * 
To determine the relative antithrombotic efficacy for ami- 
vWF-OFlb MoAb and anu-OPIIb-UIa MoAb at equivalent 
anithemosLatic doses in the same model system in vivo, 
thrombus formation has been compered in baboons after 
intravenous administration of (I) anti-vWF MoAb BB3 
(2) anti-OPlb MoAb API, and (3) anti -GPirb-IUe 

MoAb U-CP8. The baboon was selected as the experimental 
animal model been use the hemostatic apparatus in thie Spe- 
cies is similar to that in humans." Platelet hemostatic func- 
tion was ttbsertaed in vivo by standard template bleeding time 
measurements, and ex vivo by platelet aggregation induced 
by ristocetin and adenosine diphosphate (ADP). U Thrombus 
formation was measured in real time as the deposition of 
M1 ln-plaielets by gamma camera imaging and accumulation 
of "1-flbrin on segments of collagen-coated tubing inter- 
posed in exteriorized femoral arteriovenous (AV) shunts in 
baboon*. > H To assess the relative dependency of these pro- 
cesses on Bow conditions, thrombus formation onto collagen 
segment* w tt3 compared for venous flow (blood flow of 20 



371 B 



BIOQO. Vol B3, No 11 Uuno 1), eP 8218-3224. 



RELATIVE ANTITHROMBOTIC EFFECTS OF MoAbs 



3219 



mL/min with wall shear rate of iOO accondtt' 1 ) and flow 
encountered in medium-sized arteries (Dlood flow of 130 to 
200 mL/min producing wall shear rates of 750 to 1 .000 
seconds" 1 ). 

MATERIALS AND METHODS . 

Animal xwdiet. Eleven normal male baboon* (Pap in anuWxh 
weighing 9m 11 kg, were used. All procedures wow approved by 
the Institutional Animal Care and Use Commiucc in accordance 
with federal Oujdelipes (Quids for (he Core and Vx of Laboratory 
Animals), The baboons were dewormed and observed lo be disease 
free for at least 6 weeks. As previously described, all animals had 
a chronic exteriorised arteriovenous ?Uium of riliconc rubber tubing 
surgically placed between the femoral artery and vein. These chronic 

uhunu have previously been shown not 10 detestably tfhorten platelet 
survival or produce measurable platelet aciivatlnn» w *Thc peripheral 
blood perfusing she AV shunts sm subject to normal dilution, filira- 
hon. and inacuvaiion mechanisms in the hoai animak. 

Thrombus formed pn 2-cm lubulaj-.<fcgmcni.i (3>mm imcrnnl 
diameter) covajcntly coated wjth type I collagen as previously de- 
scribed.*' Tha coJUgAii costing was uniform and wok not removed by 
extensive wa^bing. ,,i TWu collngen'coatcd cannular segments were 
interposed in separate parallel arms incorporated as extension seg- 
ment into the chronic exteriorized AV vhunt and exposed to circulat- 
ing native blood under arterial versus venous flow conditions for 40 
minute*.- 1 Blood flow was maintained at 150 to 200 mL/min in ihc 
arterial arm of the AV shunt using a damp placed divtal to tha 
collagen -coated segment, and ihc flow rate In the parallel arm of the 
shunt system v/aft held at 20 mlJmin using a peristaltic roller pump 
(Model "70 J 6; Cole-Parmer, Chicago. Ik) alee placed distal TO the 
thrum oogenic collagen-coated segment. Flow rates in tfte arms of tne 
AV shunt were continuously measured using ultrasonic flowmeters 
(TruiKOnie Syrian-*, Ine, Ithaca, NY). Initial wall shear rates were 

calculated, (warning Polseullle flow, io oe 750 to 1.000 seconds"' 
under high* flow conditions (150 to 200 mUmin) and 100 seconds' 1 

under low-flow conditions (20 mL/min), 

Thrombus formation on the collagen segments wan measured as 
(I) the deposition of autologous m In-platelets in real lime using 
MsmriHwcion camera imaging, and (2) Ute accumulation ef^l-fibrin. 1 * 
Platelets were labeled with lo In-oxtne using a previously aescrtocd 
technique. 1 * The average labeling efficiency avas greater than 90%, 

PUmUl aeeymwlet>on meaHw*d *ilh a Picker DC 4/1 1 Dyna 

scintillation camera (Picker Corp, Northford, CT) interfaced wltn a 
Medical Data System A 3 image processing system (Medtronic. Ann 
Arbor, MJ). Dynamic image* were acquired at 5« minute interval* 

over a -WMninme scuoy period, The total number or deposited plate- 
lets (labeled plus unlabeled cells) was calculated as performed pre- 
viously. 

Fibrin deposition wo* determined using injected '"I-fibrinogen. 
Baboon fibrinogen was purified using /3 -alanine precipitation and 
homologous fibrinogen preparations were labeled with using 
the to meinod as described. 11 ' Labeling efficiencies averaged 70%; 
thrombin clot lability of the labeled fibrinogen was greater than 9001). 
•fibrinogen. 5 fiCi, was injected intravenously 1ft minute* before 

interposing the parallel thrombogenic devices Into the chronic AV 
shunt. At me end of the aO-minate study period, the collagen-coated 
tubing woa removed and thoroughly washed *alh iaotontc saline, 

Total norm deposition (labeled plus unlabeled protein) was calcu* 
laiwl after allowing the u, )n activity to dacay (halfdifo days) 
for 30 days, aa previously described, 1 * 

Bleeding times were performed on the shaved volar surface of the 
forearm using the standard template method as previously reported." 
Eeaulla of greater than 30 minute* were nxMgned a 30- mi nun? value. 

Antibody preparation and chowterizMfan, Anu-vWF MoAb 
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1. Immuneraetftivfey ©I MoAb BB3 DDC for tha GPK> bmdtng 
domnln of vWf„ ElovtrophoraaiB (101i BDO-f AOEJ of a roenmbtnant 

25 kO Ghn binuins domain or vWP fVXUJ fa afiown atainad for proWn 
in tone 2. MoAb SB3 BD5 binds with tho »*kD GPIb bimfinfl domam 
o# vWK m tana 1. Protein m«rk»« for protein aka are ahown m lane 

S, 



BB3 BD5 belong to the IgGj aubelasH. 7 Pun Hod IjgG waa prepared 

from ascidc ftuld using protein a Scptwrose. Tnc material wa.s ho- 
mogenous as determined by sodium dodecyl suifaie-poiyacryiamidc 

gel eleelrophoreai^ {SDS-PAGE), eahibiting a single band at 1S0JKX) 

Mr. Jn vitro MOAft BE3 BD3 abolished riStocetln-induced baboon 
plaiclei aggregation (ristocetin 1.24 mg/mL fmal concentration* at a 
concentration of 5 pg/n>L <aoe below). To eatabliah tie apeelHeity 

ror the platelet GPm binding domain or vWK immunobloulng was 
performed (Fis 0, In these experiment 10% SDS-PAGE was per- 

formad for 10 of recombinant poptid« comprising rOaiduoe 
Lcu50a-Lys728 of native GPIb plus an aminoterminal methionine 
but including the single interchain disulfide bond linking residues 
Cy*509 and Cya695 <deaignated VCU a gift from Bio-Technology 
Genera] [Israeli Ltd, Rehovot, Israel).* ' After eJeetrophonwis. VCL 
wna transferred from the gel onto niinacellulose membrane by wet 
eteclrpphorcrtc 1ran?*rcT. MoAb »B3 3BD5 {5 and 50 /#g> wcw incu- 
bated with the membrane, washed and detected with alkaline phos* 
phuta&e-labeled aniimurlne lgG antibody, and compared with direct 
ncaining of VCL aubjcciod to concurrent e4cctrOphorcaia in aaTtooia- 

lion with molecular marker proteins (Fig I )- 

Antl-vWF MoAb APJ. an MoAb of the tgG, vubclasft. fa direcwd 
against platelet receptor GPIb, 34 IgO wati purified from ascitic Auid 
using protein A Sepharose. |n vitro, MoAb API eliminated rislo- 
cerin^induced baboon platelet aggregation at 100 //g/mL final con- 
centration, bivalent P(ab) 5 fragments were prepared from AP-1 IgO 
by papain digestion/" 
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Anti-GPUb-UIa MoAb U.CP8 is an MoAb of the IgG, suhclasiK 
directed against platelet GPtIb-UIa. M MoAb U-CP8 wad a gift from 
Dr Zavario M. Ruggeri (Scripps Research Institute, La Jolta, CA), 
provided by Rhone Poulenc-Rofer (Collegeville, PA). In vitro. 
MoAb LJ-CP8 inhibited baboon fibrinogen binding to thrombin* 
stimulated baboon platelets, and abolished ADP-induced baboon 

platelet aggregation at 100 pg/mL final concentration. 

MoAb BB3 BD5 and MoAb LJ-CPB wen: administered inlru^x- 

nOusly at doses attaining circulating levels that saturate the respective 
apitopes and abolished corresponding agonic plstalsi aggregation 
in vitro, ic, 5 fig/mL and 100 /xg/mL. respectively, 

Laboratory procedures, For counting platelets, leukocytes, and 
erythrocytes, whole blood was collected In vacuiaioer tubes (Sector* 
Dickinson, Rutherford, NJ) containing diaadium EOTA and enumer- 
ation was performed using an Automated Cell Counter (System 
9000; Baker Instrument Corp, AiUntown, PA), 

Platelet aggregation studies were performed on platclet-rich 
plasma (PRP) prepared from titrated blood (9 vol blood into I vol 

2.2<& sodium citrate) iu»ng an aggregornetar (Chronolog, Huverlawm 
PA) as reported elsewhere. 11 The platelet concentration was adJusteG 
to 250,000 platelets//iL. The agonists used were ADP (Sigma Chemi- 
cal Co, St LouU> MO) and rUtocatin (Sigma). The control rettuHe 
were expressed as the agonist concentration required to induce a half- 
maximal increase in light transmission (AC M ) through the stirred 
tUKptsruiion of PRP. When die Mo Ah); prevented plaudel aggregation 

ai 77 junotfL ADF and \M mg/mL ristocetin, aggregation was 
considered to be "abolished' 1 for these agonists. 

von Wiltebrand ristocetin cefaclor activity (vWRRCo) in plasma 
was determined by measuring the ability of studied plasmas to agglu- 
tinate formalin-fixed platelets in the presence of 1.24 mg/mL risto- 
cetin (Ristocetin Co factor Assay Kit; Helena Laboratories, Beau- 
mont, TX) and expressed as percentage of value obtained from a 
pool of control normal baboons (n = 8). Factor VIII coagulant 
activity (FVIHiC) w«» measured using a cbromogom'o away (fiu- 
chroro VUliC assay; Stage Asnleres. France), and expressed as 
percentage of the value obtained from a pool of control normal 
baboons (n - 8). 

Statistical analysis. All data arc shown as trie mean (ri SO. 
Statistical analyses were performed using the CLINfO System of 
the US Department of Health and Human Service*. The Suident'a 

r-iesi (two-tailed) Tor unpaired samples group was used to assess 
significance. 

RESULTS 

Effects of anti-GPIb MoAb API on peripheral platelets. 

The bolus intravenous injection of MoAb API IzG (10 nig/ 

kg) destroyed peripheral platelets within 5 minutes, ie, the 

platelet count decreased irreversibly from 382,000 platelets/ 

pL to leas than 40,000 plateleta/fiL, To determine whether 
platelet destruction was dependent on the Fc portion of the 
antibody, MoAb API F(ab) 7( (1 mg/kg) was prepared and 

subsequently administered. The platelet count decreased 

from 360,000 ptae)etw>L to < 40,000 ploteleta/>L immedi- 
aiely after the Injection of MoAb ATI F(ab) 2 . Consequently, 
no additional in vivo studies were performed with MoAb 

API, 

Effects of anci-vWF MoAb BB3 BD5 an Ivemastaxis and 
thrombosis. Tc establish directly the intravenous doac of 
MoAb BBS BD5 capable or abolishing platelet hemostatic 
function in baboons, template bleeding time and ristocetin 
aggregation ex vivo were determined in a dose-ranging 

study. Fifteen minutes otter administering bolus injections 

oT MoAb BB3 BD5 (0.1, 0.3, and 0.5 rng/Kg), template 
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Tebla 1. Effect on Hemoxtaait of Arrti»vVVF MoAb Bft3 BOS 
and Anti-anUrtlle MoAb U-CP6 
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Bleed sampling for performing essays In vitro, end the blooding 
time determinations were performed 16 minutes after administering 
the MoAhs. Each moan reerasontfi tha average of five anlrnais. 



bleeding tunes were prolonged in a dose-dependent mariner 

from the baseline value of 4.5 t 1.2 minuter 10 7.8 — £.2 

minute*, 10-5 i 2-6 minutes, and >30 minutes, respectively 
(n - 3). E* vivo ristocctin-induccd platelet aggregation w u » 
similarly inhibited in a dose-response fashion by bolus injec- 
tions of the MoAb BB3 BDS, ie, maximum aggregation 

induced by 1,24 mg/rru\ ristocetin was reduced from the 

baseline of to 56ft, 12%, and 0%, respectively, On the 

basis of these findings, intravenous bolus injections of 0.3 
mg/kg MoAb BB3 BD5 were used in studies comp String 
an ti thrombotic outcomes. 

The effects on hemostasis of infusing MoAb BB3 BD5 
(0.3 rngAkg) Intravenously Into five animals are shown in 
Table I. Within 15 minutes of injecting MoAb BB3 BD5 
ristocetin-lnduced platelet aggregation ex vivo was abol- 
ished, and vWF:RCo activity remained defective for at least 
fj hours, but returned to baseline by 24 hours- The template 
bleeding lime was also markedly prolonged by MoAb BB3 
BD3» ie. from 4.0 ± 0.3 minutes to >21 ± 4 minutes, and 
returned to baseline within 24 hours. Neither ADP-induced 

platelet aggregation nor fVUfcC were diminished by injeo- 

lions of MoAb BBS BD5. 

The results of measuring platelet deposition rod fibrin 

accumulation onto segments of collagen-coated tubing at 
two different shear rates are presented in Figa 2 end 3- Ten 
minutes after injecting MoAb BB3 BD5, parallel thrombo- 
genie collagen segments were incorporated into the exteri- 
orised AV shunt. Forty minutes later, MoAb BBS BD5 re- 
duced platelet deposition from 2.42 ± 0.3 S X 10 s platelets 
in control studies to 1.37 ± 0.30 x 10* platelets {P - .06) 
at arterial shear rates (750 to 1 ,000 seconds" 1 ; Fig 2), but at 

low shear races (lOO seconds"') MoAb BB3 bds failed to 

decrease thrombus formation (Pig 2', 1.3 ± 0.14 X 10° plate- 
lets v 1.6 ± 0.26 X 30* platelets; P = .19). Furthermore, 
fibrin deposition was not decreased by the anti-vWF anti- 
body at either arterial or venous blood Bow (Figs 2 end 3: 

P > .35 in both cases), 

Effkcz of anti-GPilb-Wa MoAb U-CPS on hemostasia 
and thrombosis. To document the intravenous dose or 
MoAb LJ-CP8 able to abrogate platelet hemostatic function 
in baboons, dose-ranging studies with Injected MoAb were 

performed, measuring template bleeding times and ADP- 
induced aggregation cx vivo. Fifteen minutes after adminis- 
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tering bolus injections of MoAb U-CPS (2, 5, and 10 mg/ 
kg), template bleeding times were prolonged from the base- 
line value of A.O minutes to 103 minutes, 22 minutes, and 
>30 minutes, respectively (n = 2). Ex vivo ADP-induced 

platelet aggregation was aimilariy impaired in a do*e~re- 

sponse manner by these increasing bolus, doses of the Mo At, 

ie, percent of maximum baseline aggregation induced by 10 
/imol/L ADP was reduced from 100% to 63%, 20%, and 
0%, respectively. Accordingly, intravenous boluf? injections 
of 10 mg/kg MoAb LJ-CF8 were used in studies assessing 
anti thrombotic outcomes. 

Ex vivo ADP-induced platelet aggregation was abolished 
15 minutes after administering MoAb LJ-CP8 (10 rag/kg) 
into five baboons, and this effect lasted for greater than 48 
hours. Anti-GPITb-nia MoAb U-CP8 also prolong the 
bleeding time from 4,0 ± 0,3 minutes to >%6 ± 4 minutes, 
and the bleeding times returned to normal by 72 hours (Ta- 
ble 1). Neither riBtocetin-induoed platelet aggregation 

(vWF:RCo) nor FVUfcC levels were reduced by MoAb LJ- 
CP8 adrainiBtradon (Table 1), 

At Doth arterial and venous blood flows MoAb LJ-CP6 
abolished platelet deposition onto collagen-coated segments 
(Figs 2 and 3; t < .01 in bom cases), Fibrin accumulation 
was also markedly reduced, although the reduction in fibrin 
deposition by MoAb U-CP8 was detestably greater at the 
high shear rate, ie, 0.04 2! 0.02 mg versus control of 0.49 

± 0A2 mg (P - .03), compared with 0.30 ± 0-07 mg versus 

control of 0.60 ± 0.09 mg for the lower shear rate (P * 

.03). The effects of anti-GPHb-Ula MoAb U-CP8 versus 
antl'vWF MoAb BBS BDS on tnromous formation were 
significantly different at anerial shear rates (P < -OS), and 

strikingly different at low shear rates (J* < ,001), 

DISCUSSION 

The present study shows that in nonnuman primates plate- 
let GPHb-IIIa receptors mediate platelet recruitment in the 



process of throoibua formation under both arterial and ve- 
nous flow conditions, whereas vWF-CPIb interactions make 
no significant contribution to thrombuB forming at low shear 

and contribute little at shear rates characteristically found 

in medium-sized arteries, By contrast, platelet hemosumc 

function is dependent on both vWF-GFIb interactions and 
GPIIb-IlIa- mediated reeruitment- 

Petermlnlag the relative antithrombotic activity ofMoAbS 
targeting different platelet glycoprotein-adhesive molecule 
interactions depends, ia pan, on the thrombosis model used, 
and may therefore vary according to the clinical focus of the 

thrombotic process being modeled. Tne model system used 
in thifc study measures the formation of thrombus as the 
deposition of IM In-platelets and '"I-flbrin on segments of 
collagen-coated tubing interpoeed in exteriorised fernoraj 
AV shunts under conditions of controlled blood flow. 1 ** 1 
This model system is independent of heparin effects, as 
snown oy the face mat anucoagutadng doses of unrraciion- 
ated heparin do not thrombus formation on these colla- 
gen-coated segments. 18 Because of the established impor- 

lance of shear rate in assessing platelet adhesion and 
cohesion,™'*-' 0 '* 1 we strictly controlled flow conditions in 
the present study, ie, iniermediate shear rate (750 to 1,000 
seconds" 1 ) corresponding to flow conditions seen in me- 
dium- and small-size arteries, and low-shear rate (100 sec- 
onds k ) characteristically found in veins. 

Anti-vWF MoAb BBS BDS inhibits vWF-dependent plate- 
let adhesion and cohesion by blocking the OFIb binding do- 
main of vWF (Fig 1). When MoAb BB3 BDS (0.5 mg/kg) is 
injected into baboons, hemostatic plug formation and risto- 
cetin-induced platelet aggregation ex vivo are abrogated with- 
out Inhibiting platelet aggregation induced by ADP or FVlHiC 
activity (Table \ ). Based on baboon blood volumes of 70 taU 
kg 1 this dose produces peak blood levels that exceed concen- 
trations needed to eliminate ristocetin-induced platelet aggre- 



Pig a. Effect of antS'VWPMoaij bru BDssmJamJ"- 
QPIItHlKa MoAb U-GP8 an thrombus formation initi- 
ated by collsnen-eoatad segments under hloh*heer 

rata blaod flaw eondhianft (wall sheer r*%* 750 *» 
1.600 ^ends-'l. IA> M«Ae U-OPO i^ttd ?J«t»M 
accumulation over 90 minutes of blood exposure 
more effectively IP » ««W v control values) than 
MoAb BBS BOB (Pn .06 * control values). \B) MoAb 
■botlsfced fibrin accumulation after 3fi min- 
utes of blood «ape*ur» I* » v «»rrtrel vbIum], 
where** MoAfe BB3 BOfl w« Ineffective ir?,3 v 
esmrel values). 
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cation in vitro, ie. 5 {i&mL. Despite this profound amihemo- 
static effect of MoAb BBS BD5. detectable antitbrombouc 
effects are restricted lo arterial shear conditions. 

MoAb LJ-CP8 inhibits platelet reeruitment by blocking 

interactions between adhesive proteins and functional GPilb- 
Itta receptors expressed by activated platelets," ^ Intrave- 
nous injections of MoAb U-CP8 (10 me/kg) into baboons 

interrupt platelet-dependent thrombin* formation, and abolish 
hemostatic plug rormotion and ADP-lnduced platelet aggre- 
gation ex vivo, without altering ristocetin-induoed platelet 

aggregation of FVIttC acuvity (Figs i and 3s "WDte 0- 

at equivalent antihemostatic do***, MoAb LJ-CPS is 
substantially more potent than MoAb BB3 B3D5 In pre- 
venting platelet deposition on collagen-coated ^gmenis at 
both arterial and venous shear rates = .020 at high-shear 
rata, and P = .0007 at Low*shear rate). Antihemostatic com- 
parability of the administered doses for the two MoAbs was 
verified by dose-response bleeding time and ADP- and n$- 
racetln-lnduced platelet aggregation studies ex vivg ..together 
with concordant platelet aggregation data in vitro. However, 
these data do not address directly the postulate that vWP- 

GPlb-dependent platelet interactions arc important in the 

formation of thrombus at sites of severe arterial stenosis 
exhibiting very high shear rates. However, because the blood 
levels achieved by the administered doses of MoAb U-CP« 
and MoAb BB3 BD5 saturated GPUb-UIa epitopes and vWF 
binding sites for GPIb. respectively, higher doses of MoAb 
BB3 BD5 are unable to produce greater antithrombotic ef- 
fects under the experimental condition* used in this report. 

Antl-oPUb-Ma MoAb LJ-CPS is known to prevent aspi- 
rin- and hfiparin-resistant thrombus formation on thrombo- 
genlc devices interposed either as segments of Dacron vascu- 
lar ftraft in exteriorized AV shunts." or aS surgical 
cndartereciomies or implanted Oore-Tc* <W.L. Gore Flag- 
staff. AZ) grafts in carotid arteries." J^" w *^ 
tends the proviou* finding* by eomptmrtg the relative effect* 
of these MoAhs on thrombus formation induced by collagen 
a thrombogenie *ob*tr«te relevant co vascular injury, «/,ih 



Pig 3. Effect of enti'vWF MoAb BB3 end anti- 
GPtlb-Illa MoAb U-CP8 on thrombus forrnatlon Wti- 
«t*d by eoUeoen^oatad laamenta under low-ehear 
r *U bkod flew oondWens (well 100 BO# ~ 

onor'1. lAI WMe*et accumulation jvar 40 minuw 
of blood exposure was imerrupied by MoAb U-CP8 
IP » .006 v control values), but only ■llshtiv 
by MoAb MS BOB IP » .1S1 v control values). IB) 
Fibrin •couwul.^of eher 40 mhm «rf 
ay f * wee reduced by MoAb U^cra \p * ,«kb r control 
values), but unaffected by MeAb BB3 BD6 (P > .35 
y control values*. 



shear rate as an independent variable. Clearly, the results 
of the present study confirm the antithrombotic efficacy or 
targeting platelet GPTTb-ITTa for a broad range of shear rales. 

As opposed to the striking antithrombotic effect* of MoAb 
LJ-CP8, anli-vWF MoAb B33 BD5 has no antithxornbotic 
efficacy at venous shear rate* and produce* only nominal 
^tithrombotic effects at shear rates found In clinicaJly rele- 
^ on t-si2ed arteries (Figs 2 and 3), Anli-vWF MoAb BE 3 

BD3 has been reported to have greater antlihrombotic etTects 

than aspirin in a porcine model of coronary artery stenosis. 

Presumably, the disparate outcome In their study using ann- 
vWF MoAb BD5 with stenotic arteries compared wun 
the results using collagen segments in the present report is 
explained by the very high shear rales present in damaged 
stenotic coronary arteries. The finding in the present report 
that anti-vWF MoAb BB3 BD5 exhibits detectable anti- 
thrombotic effects restricted to higher shear oond uona (Figfi 
•> and 3) is consistent with this interpreiauon.^- In addition. 
Itudic* using collagen flow chamber in vitro indicate that 
L-umbining MoAbs directed against vWF domains interacting 
with GPIb. OPHb-IlU. and collagen greatly enhance* anti» 
thrombotic outcomes." . arva 

OF additional intereat in the present study i* tiie observa- 
lion thai anti-GPlb MoAb AVI injected intravenously as 
whole IgC into baboons destroys circulating platelets lead- 
ing to acute severe thrombocytopenia, and that the infusion 
of F<ab). fragments produce* equivalent throrriocytopema. 
There arc a number of possible explanations for acute Fc- 
independent antibody-induced ihrombocytopema induced by 
MoAb API. First, antibody-induced platelet activation may 
proTceplacclet aggregates mat clear quickly from tiie circu- 
Lon. in this regard, MoAb API rapidly indues baboon 
oiatelct aggregation in vitro that approximates \5% to 20% 

of maximum aehieveble aggregation i^, 1 ^^^! 

agonists (unpublished observations). Second, arit> may be 

*LoruJ tor platelet viability. For examp U, i«M w*d> 

JoanUbodies against platelet QPia usually develop im- 
mune thrombocytopenic purpura/* This argument may be 
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negated by the observation that platelet counts do not de- 
crease after injecting ami-GWb MoAb PP4-3B into piga. 6 
Third, baboons may have naturally occurring antibodies that 
cro55-reaet with murine MoAb AF1< initiating immune com- 
plex-dependent platelet clearance," Finally, some as-yet-to- 
bc described Fc-independent mechanism may produce plate- 
let immune destruction. 

Previously it has also been shown that certain ami-GPIIb- 
Ula MoAb 5 also decrease peripheral platelet counts."* 2 * For 
example, the injection of anti-GPUb-IIIa MoAb AP2 into 

baboons reduces me platelet count by about half within 2 
hours, but without initiating platelet granular release in 
vivo. 11 Moreover, the anti-OPltb-tila MoAb LJ-CP8 used 
in the present study causes severe but delayed platelet de- 
struction, gWing rise to transient thrombocytopenia. Platelet 
counts begin to decrease 4 to 5 days after injecting the anti- 
body, reach a nadir of <30,000 platcleta/^ oo day* 5 to 6, 
and return lo normal thereafter. 2 * We interpret the delayed 
thrombocytopenia after the infusion of MoAb U-CPB to 

reflect the production of endogenous antibody against the 

injected murine IgG, Thus, these earlier studies as well an 
the present report show the importance of measuring platelet 
count when evaluating the antithrombotic and antihemoataric 
effects of antiplatelet antibodies, because antibody injections 
may be complicated by acute (MoAb API) or delayed 
(MoAn U-CF8) severe thrombocytopenia. Because throm- 
bocytopenia would preclude the use of specific antibodies 
in humans, natural or synthetic peptides Inhibiting platelet 
GPnb-IlIa-depenc] ent recruitment may ultimately be thera- 
peutically more useful. 30 

In summary, the present study shows that blocking platelet 
OPiiB-IHa using MoAb LJ-CPS potemly interrupts thrombus 
formation over a wide range of shear rates, whereas anti- 
vWF MoAb BB3 BD5 produces minimal antithrombotic ef- 
fects restricted to higher shear conditions. However* both of 
these MoAba abolish platelet hemostatic function. 
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Structural and functional characterization of the mouse von Willebrand factor 
receptor GPIb-IX with novel monoclonal antibodies 

Wolfgang Bergmeler, Kinsten Racksbranat, Werner achrodcr. Muboaarngibi, and Bemhwd Nieawandt 



Five novel menooJonel »nUbodl©o (mAbcf 
pOp 1-5) were used to characterize the 
structural and functional properties and 

the In VIVO oaproeeion Of tho murina 

GPIb-IX complex (von Willebrand factor 
receptor). The molecular weight* of the 
aubunita ere similar to the human no- 
mologs; QPIba (15Q kd). GPlbfi (25 kd), and 
OPIX (25 kd}. Aedvotton of platdeb with 
thrombin or PMA predominantly induced 
shedding of glyeeealleln {CC; 130 kd) but 
only low levels of recepcor internalization. 



The GC concentration In normal mouse 
plasma was found to be at least 10 times 
higher than that described for human Dlasma 
(approximately 25 j*g/mL voraue 1-2 
mL). Two additional cleavage sites for uni- 
dentified platelofcdorived proteases were 
found on GPlba, as aemonsvated by the 
Generation of 3 N-tarminal fragments during 
in vitro incubation of waehed platelet* (GC, 

60 kd, 45 Kd). occupancy or gpitjo wnn pop 

mAbs or f=(ab)*-fragniQnt£ resulted In aggro- 
gate formation In vitro and rapid Irreversible 



thrombocytopenia In vivo. Irrespective of 
the exact binding epitopes of the Indi- 
vidual antibodies. GPIb-IX was not detect- 
able ImmunohlstoohemloeUy on endothe- 
lial cells in the major organs under 
normal or inflammatory conditions. The 
authors conclude that the mouse aystem 
might become an interesting model for 

studies on GPIb-IX function and regula- 
tion* (Blood. 2000;99:86flh&S3) 

e 2000 By Tub American ©eclety wf Heme*el<*SV 



Introduction 



Flatclcc adhesion to sites of vascular injuries is mediated by the 
interactions of glycoprotein (GP) membrane receptors on circulat- 
ing platelets with chair distinct adhesive Uganda,' ¥n particular, 

under nigh shear stress, the platelet GTMb-lx-v receptor complex 
contributes to this process initiating hemostasia through interac- 
tions with the adhesive ligand von Willebrand Factor (vWF).^ 
The human GPIb-IX-V complex consists of 4 distinct gene 

product*: CPfex, Ib£, IX, and V.S* Unstimulated platelets express 
approximately 23 000 copies of OrtTHX and 12 000 copies of 
GPV on their surfaces. 6 Binding sites for vWF and oi-thrombin 
have been identified on the N-terminal 45 -kd region of GPXbd. 7 ^ 

Interactions with vWF molecules only occur when the latter 
are bound to subcndotneiSum,' 0 fibrin,** or collagen,* 2 and they 
require high shear forces. 1,1 Interactions arc also detectable during 
ristocetin- or botrocetin-induced platelet agglutination, probably 

because of neutralization of the repulsive negative charges by the 

positively charged ristocetin or botrocetln molecules, 1 " 1 " Subse- 
quent activation of the fibrinogen receptor CsPHblHfc leads to the 
formation of stronger bond* and therefore platelet adhesion and 
aggregation. 4 * 17 In contrast, other platelet agonists such as adeno- 
sine diphosphate, collagen* or thrombin induce the binding of 
vWF to OMMIIa. 11,4 * The effect of platelet activation on the 
surface expression of GPIb-IX in vitro has been a matter of 
controversy. Although most investigators demonstrate the translo- 
cation of GPlb-fX-complcKC$ from the plasma membrane to the 
eurfaeo-conno otod canalicular nyfctem in response to thrombin 

(without receptor shedding), 20 " 33 significant shedding has been 
observed by others. 23 Furthermore. White et aP found no effect 
of thrombin activation on OPlb-JX surface expression. In con- 



trast, it is commonly accepted that GPIbot can be proteolysed 

by neutrophil cathopsin G, 25 neutrophil elastase* or platelet 

calpain.27 

The platelets of patients wim Bemara-5ouHcr syndrome, a 
congenital bleeding disorder, show diminished agglutination to 
vwf in the presence of ristocetin and a reduced response to 
low doses of thrombin. This results From a reduced expres- 
sion or a malfunction of GPIb-IX 23 that coincides with the release 

of "tfani" platelets^ 1 indicating a role of the GPIb-IX-V 

complex in maintaining circulating platelet morphology. Re- 
ports describing the expression of GPIba or even all subunits 
of the receptor complex on cells of nonhematopoietic origin, 

particularly endothelial cells (EC), raised speculations about 
unrecognized functions of GPIb-IX-V. 29 " 31 However, these 
data are not without controversy because others could not 
reproduce the findings." "No systematic investifiations of 
OPIb-IX expression oo a cellular level in aim have been performed 
to date. 

As proposed recently, 33 the vWF-reoeptor complex may be- 
come an interesting pharmacologic target for the prevention or 
thrombotic and inflammatory complications- Because in vivo 
Investigations are obviously limited in humans and nonhuman 
primates, there is a need for small animal models allowing for in 
vivo studies on GFtb-TX-V functions under normal and inflamma- 
tory conditions, In the mouse system, adequate animal models 
caijt, but limited information about structure, function, and regula- 
tion of the murine receptor complex has been available. In the 
current study, we investigated the structural and functional proper- 
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CHARACTERIZATION OF MOUSE 6Plb-lX 887 



tiei of mouse GPIb-TX and examined the in vivo expression of the 
complex with novel monoclonal Antibodies. 



Materials and methods 

Animals 

Spccific*paihoficn-frec mice fNMRl. BALB/c) 6 to 10 weeks of ace were 

obtained from Chhrl* *W (Gulwfidd, Germany) *nd kapt in ouP animal 

Reagents 

EZ-Link sulfo-NHS-LC-biolin (Pierce, Rockford, IL), immobilized pepsin 
(Pierce). ristocetin (EUROPA. Cumbrite. UK), phorboi U-myfistate 
13-aoetaTe (PMAj Sigma. Deiserihofen* Germany), high molecular weight 
heparin (Sigma), Thrombin (ecehrinEcr Mannheim, Mannheim, Germany), 
Collagen Al (BioOhrom. Berlin, Germany), and slreplavidin-hon&mdish 
peroxidase (HRPi DAKO, Glosimp. Denmark) we^ purchased. Lipopoly- 
snooharide (LPS from Salmonella minncjora 9700) w M obtained from 

Ditto Laboratories (Detroit, Michigan), 
Antibodies 

Rat anrimouse P-selectin mAb RB40J4 was kindly provided by D. 
Vestwcbcr (Minister. Germany). Polyclonal rabbit antibodies to human 
fibrinogen and vWF vere purchased from DAKO and w© r e modified in ovr 
laboratories. Rabolt antt-Tiuorcsccm Isolhlocyanalc ("FiTC>HRP and raobtt 
anii-ral l^FITC were purchased from DAKO, All other antibodies woo 
generated, produced, and modified in our uiboraioricas: MWRegiO (anll- 
GPIIbiUa, IgGI)- JONl (anri-GPllblUa, lgG2b), EDLl (anti-GPHIe, IgG2a). 

Plaieiw preparation and counting 

Mice were bled under ether anesthesia from ihe rciro-orbltal plexus, Blood 
was collected in a tube containing 1 0% (vol/vol) 0.1 mol/L sodium citrate or 

7.5 U/mL heparin, and platelet-rich plaama was obtained by eentrituoalion 
ai ftr 1 0 minute* ai room temperature (RTj. The platelets were washed 
twice with phosphate-buffered saline (PBS) by centrifugation at 1300gf for 
10 minutes and were used immediately. Isolated platelets did nol show any 

signe of a«ti«alion ut *ho»m by flow cytometry (rtuinino, for P-setecUn and 
surface-expressed fibrinogen). Per determination of platelet counts, blood 
(20 uL) was obtained from the reiro-omilal plexus of anesthetized mice 
using siliconized microcapillroies nnd immediately diluted lilOO in UnO- 
patw kits (Baoton piokmeo^ Haidalb«r$> Germ any). Tha diluted blood 
sample was allowed to scitic lor 20 minutes in an improved Neubauer 
Hemocyiomeier (Superior, Bad Mergenmeim, Germany), and platelet* 
wens counted under a phaae-contrast mifiroFcope at X400 magnification. 

Production of monoclone! emlbodlee 

Female Witrtur rrtte, 6 to & v*«eks of age, ^ere imrnuniawd repeatedly with 
mouse platelets or with punned antigens. The tar spleen cells were then 
fused with mouse myeloma cells (Aa*\653)> and hybridomas were selected 

in HAT medium. Hybridomaa aecreting mAba directed against platelet 
receptors wore identified by flow eytomeuy. Briefly, a 1 s I imxiuro of testing 

and ihmmbm-ycKvsaed platelets (10*) was Incubated with 100 uL supcrua- 
tanifor30 minutes at RT. washed with PBS (1300*. 10 minuics) and stained 

with I-TTC-iabeled rabbit anli-rat Ig (DAK.O) for 15 minutea. Samples were 
analyzed on a FACScan (Becmn Dickinson) In the set-up mode. Platelets 
were gaiCd by FSC/SSC-CharaetcrwliCs. PoxMvb hybridomas were sub- 
Cloned twice before lur^e-scale production. Monoclonal untibodies were 
produced and purified according To standard methods. Icotype aubolacsos 
were deiermined by enzyme-linked immunosorbent assay (ELISa) with 

alkaline phosphatase (AP)-conjtignted isotype-specitic antibodies (Phwndn- 
cen): pOp 1, lcG2a; pOp 2, lfiGl; pOp 3. lgG2a; pOp 4, lfiG2b; p0p5, IfiGl. 



Modification of antibodies 

Affinity-purified antibodies were fluoresceinaied to a fluorescein-protein 
ratio of approximately 3:1 by <et*nd»rd method* FITC (Sigma) and 
separated from free FITC by gel filtration on a PD-10 column (Pharmacia, 
Uppsala, Sweden). HRP conjugation of mAbs was performed wllh a 
labeling kit (BochrinBer Mannheim, Mannheim, Germany). P(obh- 
rragmenlfc of pOp 3 and oOp d were generated by 24-hour incubation oi 10 
mg/mL mAb with immobilized pepsin (Pierce). Purity of the F(ab) r 
fragments was checked by sodium dodecyl sulphale^lyacrylajmde gel 
electrophoresis (SDS-PAGE), 

Immunoprcclpltatlen and Immunoblcttlng 

Immunopracipitakion was parformad as daaonbad previously " Briefly, 10* 
washed platelets were surface labeled with EZ-LlnK sulfb-Nr«3-LC-bioun 
(Pierce; 100 ug/mL in PBS) and subsequently solubiltzed in i mL lysis 
buffer (Tris-buffered saline containing 20 mmol/L Tris/HCI, pH 8. ISO 
mmoUL Naa, 1 mmol/L BDTa* 1 mmoiyL phenylmathyisullbnyl nuonda, 
2 u#mL aprotinin, 0-5 ug^L leupepiin, and o^vt> Nonldct P-40 all from 
Boohringcr Mannheim). Cell debris was removed by centnruguuon (1 5 000i', 
ID minutes). After precleoring (S hours), 10 u£ mAb was added tOfiemcr 
with 25 uL protein G-Sopharoae (Pharmacia), and precipitation look pla«« 

overnight at 4*C Samples were separated on «m to I3V& gradient 
SDS-PAGE alone with a molecular weight marker and were iransferred to u 
polyvinylidene difluoride (PVDF) membtwe, The n»i«b**nft waa incu- 
bated with atrcplavidin-HRF (1 ug/mL) for I how after blowing. Afle* 

extensive washing, bioiinylated proteins were visualized by echocnemlluml- 
nescence (ECL; Amersham). 

Po* 1 immunobloUina. plateleta were not curfaoe labeled. After lyw* 
whole-cell extract wv run 0" an B cl and transferred to a PVDF 

membrane. The membrane was firSl incubated with S ug/mL FITC-labelcd 
pOp 5 followed by rabbit anti-FITOhoracradifih peroxidase (1 uc/mL). 
Proteina were visualized by ECL- Immunoprecipitati on of GC fcom I mL «? r 
I ; 1 0 diluted (PBS) mouse plasma was performed overnight at 4"C. 

Flow cytometry 

Freshly isolated platelets were washed twice with PBS and d\cn resus- 
pended in platelet buffer (20 mmol/L Tris HCI. pH 7. 0.9% NftCl, 1 mmol/L 
C^Cl% J>nd l mmoVL MgClz) « a oonoentration of 4 X IO^/jiL. Samples 
containing 25 uL or this dilution were stimulated with agonists for 10 
minvies at RT, followed by the addition of saniraiing amounts of fluorophore- 
labeled antibodies or vice versa. After IS minutes of incubalion ai RX the 
aamplos wore analyzed on a PACSoan. PMA (SO ngrniL; Sifimft) Of 
thrombin (0.2 U/mU Boehrinfier Mannheim) was used as agonists. For 
preincubation experiments* platelets were incubated with unlabeled mAbs 
for 15 minuia* fo»ow«d by the addition of aaturaiing amounts of 
fluorophorc-labclcd antibodies. For analysis of Tirtocctin-indvued platelet 
activation, platelets were incubated with i-5 mg/mL ristocetin In the 
presence of 1 U/mL apyrasc < grade HI: Sicma) for 10 minutes al RT. 

Immunohlsioohcmletry 

Acetone-fixed cryoswviene {6 um) ware blocked ($% normal float aorum, 5 
mg/mL bovine serum albumin In PBS) for 30 minutes w RT. Primary mAbs 
were added at a final concentration of 2 ug/mL. After 90 minutes, the 

section* were washed 3 limes with PBS and subsequently hicuhaud with 
the odeo,uauj HRlMaboIed sooondary antibodtea at a final oonoentration of 2 

uB/mL for 00 mlnuies ai RT. The ABC substrate was added alter 3 washing 
steps, and ihe sections were then counterstained with hemaioxylipr 

Llpcpe4ycacehaHdc treatment 

Mm were injected with Ui* indieatad amounts of LPS <ia O.S mL merile 
PD8) inkrtpcritonsalty, 

sequencing 

The antigen of 5 X 10 in unbiodnylaled plaialets was immunoprcclpltalcd with 
pOp 3, After electrophoresis on SDS-PAGfc and tranifer to PVDF membrane, Ihe 



688 BERGMEIER e? ai 



BLOOD, 1 FEBRUARY 2000 - VOLUMC 93, NUMBER 3 



150-kd band was cut out and erayrnMicaily deblocked with pyroglutamatc 
aminopopiidasc (sequencing cradc; Bochringcr Mannheim* described. The 
<| c Uwckd pnrfcirt subjected 10 an Appliod Bioeyrt«nw (Footer City CA) 
protein sequencer (model 494) with an Online PTH-analyzcr. 

Olycocallcln ELI 3 a 

Microliter plaies were coated wim 13 ng/mt pOp 3 In cowing buffer <30 
mmol/L NaHC0 3 , pH 9) overnight al 4 fl C. After blocking, serial dilutions of 
ploima or pluteiet supemaianis were added 10 duplicate wells (1 hour. 
37 a C). Plates *f*n cashed end Bvfeaeqvenny ir>»ubate<l wiih HftP- 
conjugatcd pop 4 (5 a^mL, 1 hour, 37-C). After exienalve washing, TMB 
was added to each well, and the reaction wits slopped by the addition of 2 N 
H 2 SO* C*iW to io IS mirtuut*. AbaA/Uncc ai dSfl »m waa recorded on a 
Multiakan MCC/340 (Lubiryatcrns. Lugano. SwUacrlrtnd). 

Glycocollcln atendard 

The copy number of OFIbts on mouse plyustoi* was eMlmaicd by flow 
cyiomcrry by comparing F12 signals oblained with R-phycoerythrin (PC) 
conjugated oOo 3-5 on mouse olataleis and a PE-conjucatcd antihuman 
GPIbot mAb on human platelets « identical inutrumwnt selling*, The w^na! 
inten$iiie* obuined were in a similar range. Thu.%, the number of QPIbot 
molecules on human tmd mouse ptulelei* was turned io be similar 
(approximately 25 000). Washed platelets (5 X 10 8 /mouac) from 10 heallhy 

mice (S NMR1. 5 BalWc) ~ere auepended in «u6h 500 mL P«S llO' 

plateiets/mL) and activated with PMA (50 ng/mL} for 20 minuics aL RT. 
Efficiency of GC shedding in each sample wu* determined by flow 
symmetry (7S.6% x 2.4V*). Platelets and debric were removed by eenlritu- 
garion (15 000* 15 minute*), The wpcrnatOni* were tesied i«* the GC- 
EUSAand were round lo contain virtually Identical amounts of C3C\ Based 
on the estimated copy number of 25J)Q0/p!auil*i GPlbfc, il was calculated 
that approximately 18 750 GC molecules had been shed from each platelet. 
Therefore, the supematanus were assumed to contain approximately 
1.875 X 10' 5 GC molecules per milliliter (IS 750 X 10*). Based on a 
molecular weiflhl of 1 3 0 kd of GC, a GC concentration of 23 .© ng/mL in the 

poolad supematante waa caleulatad. The supernatant was diluted 1:100 in 
PBS, and aliquots fere snap frozen in liquid nitrogen and stored <H -70° C, 

Serial dilutions or this standard were used as a control of Known GC 
concentration in each experiment, The CC concentration of the standard 
was defined aa 1 arbitrary unit. 
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Results 

pOp mAbs are directed against mouse GPIb-lX 

A series of novel mAbs recognizing a highly expressed membrane 

glycoprotein complex on mouAft platelet* wft* generated. Five of 

these mAbs (pop 1-3) were usee: to characterize the recognized 
antigen, As shown in Figure la. pOp 1-5 precipitated proteins of 

identical molecular woigVili (150 and 25 kd under reducing 

conditions) rrom resting surrace-blotlnylated mouse platelets. 

Although the 1 50-kd band was precipitated in comparable amounts 
by an mAbs. different quantities of the ZS-ko chain were observed. 
We used pOp 5 for Western blot analysis of die immunoprecipitatcti, 
which demonstrated that the 1 50-kd proteins precipitated by the 

pop mAbs were identical (Figure lb), "N-termlnal amino acid 

sequencing of the cnsymadcally deblocked protein (see "Material* 
and Methods") identified the 150-kd protein as mouse GPIba'* 
[H(T)(X)(S)1SKVTSLLEV], Flow cytometric experiment* demon- 
strated that pOp 1-5 recognized nonoverlapping epitopes (not 
shown), OPIb and OFflbW* arc expressed in comparable amounts 
on the surface of resi'mc mouse platelets as determined flow 
cytomeiricflily by comparing fluorescence intensities obtained with 
the pOp mAbs and anti-GPnbnia mAbs (JON1, MWReg30). 
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Pleura 1. pop mAba ara dlrtetwd ma^m-— OPIb-K. W Irrvi^nop^olpljaiJon 
from 5urf5ce-bloUnylaiod reailng plawlera by pop 1-3. NP-<0 lyaawa ware Irwbaie^ 
wiin nonimmune rat igoi ^oonvoi) or pop 1-3, fOHowod oy protein ©^epharoae. 
Proteins were separated by 9% to ie* sds-pagc urwer reducing 

condiUons. transferred to a PVDF memDrane. and detected by stropt?vidin.HRP and 
fid ($1 Unlabeled plate!* proleir* wore imrrunooreelpitaied wim ncrdrftmune i rat 
IgOl (conM) or P 0p 1*5, feyowed by SDS-PAG£ and Immunoblotdng with PmC- 
labeled pop 5. Bound pop 5 was detected by HRP-labeled rabbit enil-FITC. 

Shedding of GPlba Is the dominant mechanism of GPIb-IX 
down-regulation on sefclvstlen with Ihrnmbln os* PMA 

Aa ahown in Figuro 2a, eotivetion of platelets with thrombin or 
PMA resulted in decreased binding of the pOp mAbs to die platelet 
surface, whereas signals for GPTIbllla (JONO and P-seleciin (not 
*hown) jipnifioantly increased. Although staining with pOp 3-5 waa 

almost completely abolished on activation, pOp 1,2 signals were 

just slightly decreased. To discriminate between receptor internal. 
Nation and proteolytic cleavage, platelets were first incubated with 
fluorophore-labeled mAbs and activated with thrombin or PMA 
after IS minutes (Figure 2b), Again, the result* obtained with pOp 
K2 differed significantly from those obtained with pop 3-5. Fll 
intensities pf pOp 1,2 were virtually unaffected by both forms of 
activation under these conditions, indicating that the respective 
epitopes had been internalized In contrast, fluorescence signals of 

pOp 3-5 decreased significantly on activation with thrombin or 

PMA, suggesting that the epitopes recognized by these mAbs had 
been cleaved from the platelet surface to approximately 47% and 
73%, respectively. Immunoprecipitation studies demonstrated that 
pOp 3-5 recognized a soluble 130-kd fragment of the receptor (GC) 
in the supernatant of platelet* active tod with PMA (Figure 2c) or 
thrombin (not shown}, wherea* pop 1,2 and control Igoi did not. 
Wo concluded that pOp 1,2 either bound to GPIX or epitopes on 
OPlboVp distinct from the GC portion. We were unable to localize 
the binding epitopes of pOp 1,2 on cither GPIX, GPIbct, or GPIbp 
because separation of tba peptide chains by different approaches 
always abrogated binding or the mAbs. However, because binding 
at pOp 1,2 was unaffected by proteolytic cleavage of GPIba, we 
expected these 2 mAbs to precipitate the truncated rest of this 
polypeptide chain (t-GPIba) retained in the membrane after C5C 
shedding (approximately 20 kd). Because this fragment is disulfide 
linked to GPIbp (25 kd), an approximately 45-kd band had to be 
detectable under nonroducing conditions. Both the 20-kd band (red) and 

the 45-kd band (nonred) were identified in the uwnurwpreeipitaie* of 

pop 1 2 but not ofpOp 3 (Figure 2d) or pOp 4,5 (not shown). 
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Pigura 2. Effom of a-ffirornbln ana PMA on pop 1>3 binding ro mouse plain iota. 

platelets were flrat incuDated wisn 0.2 u/mt tx-inrowoin or 30 ng/mi. PMA for 10 
mlnuios *t RT 3 nd subsequently slalned with FITC-labeled mAbs For IS minutes at 
RT (A) or vice versa (BJ. Samples were analyzed on e FAGScan. The results snown 
ore roprftscntutive of 6 individual expbrimdnta. (C) ImmunopftMlpitallon wilh pop 1-5 
and control lgG1 from NP-40 lysaiee oraufface-Dloclnylaied rearing platelets (lanes 1 , 
3. 6, 7. 9, 11) or supernatant of PMA-actival$d surfcjce-bjotlnylatad platelets (lane* 2, 
&, a. 8, 10, 12; 10 minutes, al 15 0D0o). Proieina were separated by 9% to 15% 
SDS-PASE under reduclnp conditions, transferred lo a PVDFMTwmbrano, and 
dertaded by stlrtsptawidm-HRP/ECL (D> Detedion of GPlb0 and the membrane- 
anchored truncated 20-kd remainder of GPlba (USPIba). Surfaca-biotlnylatod 
pbtolatE war* stimulated wilh PMA. (50 n S /mL} for ID minute* ML RT, wttfthad 

end 1ye>od wllh NP^O. Immunoprodpllataa or pop 1 . pop 2, end pop 3 loontroi) wore 
separated under reducing and nomeduclng oondlUorw and cloned enw e PVDF- 
mambrano. and blaunylaked prolctas were datccusd by slropiavldln-HRP/ECL. 



Mouse plasma contains approximately 25 ng/mL glycocalldn 

Wc performed immuooprccipitation with pOp 1-5 and JON] 
(control) from normal mo uce plasma, and tested the immunoprecipi- 
rates for me presence of OC by wcsicm olot analysis wlm pOp 3. as 
shown in Figure 3a. pOp 3-5, but not pOp 1,2 or JONi. had 
precipitated significant amounts of GC, For better quantification of 
GC in mouse plasma, wc established an BUS A system using pQp 3 

as capture and HRP -conjugated pQp 4 it* detection antibody. Serial 
dilutions of supcrnaiants from activated (PMA or thrombin) or 
resting platelets, normal mouse plasma, and a standard of known 
GC concentration ("Material and methods") were tested (Pi$ur© 
3b). Results showed that normal mouse plasma contains approxi- 
mately 25 ug/mL GC and that a similar amount was shed from 
107mLFMA*acrivatcd platelets physiological count). Thcrcfbrc, 
^cplatc!ct-GPIbG;plasma GC ratio is approximately 1:1 in mouse 

blood, which was confirmed by a 2-fold increase of GC in 

plarclet-rlch plasma on PMA-induced activation, rlasma GC 
concentrations did not differ significantly between individual mice 
tcalcd (± 5.8%; n — 30; different mouse strains). 

Mouea SPIba contains 3 different claavaoe altea for 
pldtelet-derlvee) proteoses 

Flow cytometric atudiea demonatrated that incubation of cashed 
mouse platelets at RT resulted in time-dependent proteolytic 

degradation of GPlba. Binding of pQp 1,2 remained virtually 
unaffected for 6 hours, whereas the epitopes recognized by pOp 5 



and, r,o a greater extent pOp 3,4, were down-regulated, indicating 
progressive shedding of GPlba rather than internalization of the 
receptor complex (not shown). We took advantage of this observa- 
tion, incubated fteshly isolated surface-blotlnylaied platelets tor t> 
hours at RT, and subsequently generated an NP-40 lysate contain- 
ing the »olubilia=cd membrane proteins and all proteolytieally 

cleaved fragments and release products. This lysate was used for 

immunoprecipitauon with the pOp mAba. Three different bond 
patterns were found on the blot (Figure 4). pOp 1 (lane 2) and pop 2 
(not shown) had precipitated identical bands, Based on these 
results. w C were able to idonfci+y 3 different cleavage sitea on 
GPlba, defining fragment pairs or 20 + 130 KG, 90 + 60 led, and 
105 * 45 kd, respectively. pOp 3,4 precipitated the 45-kd band 
(fragment la), whereas pOp 1, 3 precipitated the 105-kd band 
(fragment lb). Based on the finding that pOp 1 precipitates the 
membrane-anchored fragment (aw Figure 2d), we concluded that 
fragment la represents the cleaved N-terminal 45-Kd fragment of 

GPIbca, whereas fragment lb is she truncated lOS-kd remainder of 
OPJba retained in the membrane. Therefore, the binding epitopes 
of pOp 3,4 are located on the N« terminal 45-kd portion of the 
receptor known to contain the binding rites for vWF and throm- 
bin. 7 " 0 Furthermore, pop 3-5 precipitated the 60-kd band (fragment 
2a), whereas the 90-kd band (fragment 2b) was exclusively 
recognised by pOp 1 (end pOp 2). The latter therefore represented 

the membrane-anchored truncated remainder of GPlba. We con- 
cluded that pOp 5 binds to en epitope on the N-terminal 60-kd 
portion of GPlba located between cleavage sites I ana 2, The 
130-kd band (fragment 3a). recognized by pOp 3-5, was identified 

as GC, whereas the 20-kd bend (firegmom 3b) exclusively recog- 
nized by pOp 1,2 represented the corresponding memorane- 
onchored truncated form of GPlba (i.GPlbc<). 

Occupancy of GPlba induces Irreversible aggregate formation 

In vitro and rapid thrombocytopanla In vivo 

Standard aggregomctry demonstrated that none of the pOp mAbs 
(at aoncentrationa of 10, 30, or 100 pg/mL) interfered with 
aggregation Induced by adenosine diphosphate, collagen, PMA, or 
ristocetin (not shown). Wc observed however, that ristocetin (at 
concentrations greater shara I mg/mL) did nog induo© poaai-e 
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Fifluro a. Dolocuon and quantlficaUon of glyeocallcln in mouae plBBma. Blood 
(50 uL) was coilecied In 200 lit heperinlssed PBS ana diMod 1 :10 wiih PBS. Calls and 
microwrlidos wero lemoved by cemrinjgaKoa. (A) ImmunoprecSpliallon r>om normal 
mouse plasma wish o0p 1 -5 and a nonimmune laG1 (cortroD. followod by immunobtoi- 
Una wtlh pQp S.F1TC. Bound pQp 6 was detected by HRP-laneled rebDIl anB-FfTC/ 
SCL. <B) Do taction and quantities Li on of stycocallcln In mousa obsma and the 
cupomalaniK of mouM pbuelAU using a ftartdwleh-^pfl EUSA. <pQa 3,4p+IRP>. 
Washed plaWlotc (1 QVml) or platoloUrich ptuma wm setiukud wilh eilhar PMA (SO 
ng/mL) «■ thmmbin (Ihfj 0.2 U/mL) or were Inoubeled without ego""^ (control} for 1S 
mlnulw e« RT. eopomoto"l» prapemad by eerttrifugeSon et I5.00 0g for 10 
minuws end were leateo along wlm normal mouse plasma end a awnderd tfkrvmQC 
concenraOon 123,0 vsfoV} m se^i dUuOon* soo -r " 
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Figure *» immunopraelpHatlon of 6 different proteolytic fragments of GPIba. 

Surfaca-brotiniilalDd mouse ptalalets wera incubated for 8 hours at RT and lyafed 
dkectly. Immunoorecioltatlon was performed wilh oOp 1.3.4.5 and cenUol leGl, 
Proteins wara separated by 9% io 1£U SOS-PAGE under reducing conditions and 

u/ero dpfoctnd by ?lropt^uidrn.WBP/CCL. (right) fichpmalic drawing fid 1 the murine 
©Plb-IX oompJex. {onwe ) Proposed oteauage eltee (1- 2, 3). (left, op-owe) Assumed 
binding mU«m of pOp 1*6. (middle) fiohamalie drawing of fragment pfairw ahowfl on 
Ihe WoL 

agglutination (as described for human platelets) but did induce 
active aggregation of mouse platelets as evidenced by rapid surface 
expression of P-sclcctin, fibrinogen, and vWF in the presence of 
this antibiotic (Figure 5). 

Although no inhibitory effect of the pOp mAbs on platelet 

£iggregs.ii cm cpuld be detected, direct platelet activation by all 

mAbs directed against the QC portion of GPIba was obvious. 
Addition of (1 0-1 00 wg/mL) pOp 3-5 or F(ab) 3 -fragments of pOp 
3A bm not pOp 1,2 or control lgG< to platelet-rich plasma under 
stirring conditions (1000 rpm, 37 D C) induced the formation of 
microaggregatea of 3 to 5 platelets (not shown). Platelet activation 
induced by pOp 3-5 became more evident after mild centrifugatipn 

of the samples (1300jf. 5 minutes, RTJ. 

After reeuspeneion, large aggregates were found, whereas the 
Single platelet count was drastically reduced (Figure 0>). Plow 
cytometric analysis of the aggregates demonstrated no increased 
surface expression of P-sclectin, vWF. or fibrinogen (not shown), 
In correlation with platelet aggregating effects in vitro, we found 
rapid and irreversible platelet depletion on the injection of 25 fig 
per mouse pOp 3-3 or r^ao^'frag^cnts of POp 3 A whereas 
thrombocytopenia induced by pOp 1,2 or HDL1 (anti-gpTIIa) was 

lea* effective (Figure 6b). 

GPib-iX is not detectable on endothelial cells under normal or 
Inflammatory conditions; 

To examine the in vivo protein expression of GFlb-IX, cryoscc- 
tions from the major organs (spleen, lung, liver, kidney, heart, 
brain, intestine, skin* and thymus) from normal mice (n » 6) were 
stained for GPIb-IX with a 1; 1 mixture of pOp 1 and pOp 4 (each at 
2 ug/mL). Antibodies against vWf were used as a control fbr 
staining the platelets, megakaryocytes, and endothelial cells. 
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Figure s. Ristocetin induces activation of mouse platelets, Plstelels (ID 5 ) were 
Incubated with 1 .5 mg/mL ristocetin In the presence of 1 U/mL apyrase at RTfer 10 
minute?. Subsequently. RTC-labeled antibodies were added In salurallng amounts, 
and the Bamjuee were analyzed on a FACScan after 15 minutes, {shaded area) 
Staining of resting clatolecs, (solid flnesi Stalnlna of nstocelin-acllvated platelets. 
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platelet eount (x 1 0" 9 /ml) 

FlguM 8, pop 3-6 Indues aggregate lermetlon In vllro nnd rapid thrombeeytopa. 
nla In ylv«r (A) Waehed pl»tplote (a x 10*) irvsubAtad wilh 10 mg/mL of the 
mcfiefllad mAbs o/ without AnUfeody (oonUof) tor 16 minutes at RT, followed by 
cemrtfugaUon at 19009 for & minutes. Attcr rosuspansion or tfta pauses by voncRlng 

rw a seconds, ine single piateiei count m me samples was aeiermlneo oy flow 
cytometry. Re&ulis are shown as [he mean ^ 50 Por 3 Ir^opondoni oitperimanis. (a) 
Nprrnai female NMRI mica received 25 \iQ purified pOp 1,2.5 or F(ab)rlra9menla 0* 
pop 3,4 invavenou&ly In 200 uL alenie PBS. the anll-GPllta mAb ED LI was used es 
a control. Platelet counts w©re dotorrriinod yt (ho Indicated fames using an improved 
Neubautsrhemoeylometer. Injecu'on ofa nonimmune IqGI had no aloniflcanl effeclon 
the platelet count (not shown), Intact dOd 3,4 Induced comoarabie mrombocytoDorua 
as the F (ah) j-frao marts (not shown). Results of platelet count are shown SB IhB 
mm&n s SO (bf g^pfi a mloa. Tha aKpoflmom wm rapaetad Mca with 
oomporabjo routo, 

pOpiA anti-vWF specifkally stained megakaryocytes and 
platelets in the red pulp of the spleen (Figure 7). In the lungn, only 
platelets but not endothelial or other cells were stained with pOp l 

and pOp 4, whereas anti-vWF stained plaielebs and endothelial 

cells. In the liver, kidney, and heart, rew platelets were detectable 
with pOp 1. pOp 4. and anti-vWF. As in the lungs, specific .stamina 
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piaure 7, unmuneniBteerierflicai aeiecucn of of le- 

k. Aeeione-rrcea rroien sections rrom normal (un- 
treated) mice and mice 24 hours after traction or 20 
mg/kg LP3 were stained Tor G^lb-lX with pop 1 ,4, A* a 
positive control for platelet/megakaryooylic and endo- 
thelial expression, sections from normal mlco wore 
stained (or vWF (left). Representative sections or (A) 
splcon, (B) liver, (C) lung, (D) kidney, qnd (E) haarl ara 

shown. 
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of endothelial cells was only detectable with anti-vWF. The same 

result wan obtained with bruin, intevfcint^ Kkin, and thymus (not 

shown), Jn which vinually no piacelets were daiecied. The staining 
pattern obtained whh pOp 1. pOp 4. and JON I (ami-GPIIbllla. not 
shown) was identical ip all urgarw examined. Thus, expression 
of GPIb-X on cells other than phtelGts/mefcakaryocyteS was 
detectable in any organ of normal healthy mice. To (est the 

hypoencsis that OPto-lx might oe expressed on endothelial cells m 
response to inflammatory fitimuli. 10 - 29 - 30 we treated mice with 
bacteria! LPS (20 mg/kg, n * 20). It is well documented that such 
treatment induces the production of a variety of cytokines, resulting 

in uy* tismio inflammatory response* in mice, 37 Significant thrombo- 
cytopenia (platelet count. 6 1.4% ± 4.9% of normal) and hypother- 
mia (-3,3*C ± 0.6°C) developed in all mice within 12 hours. 

Organs from S mice wore sampled afltar $, 15, 24, or 48 hours, and 

cryosectlons were stained with pop K pop 4> ami-vWf. or JONL 
Althoufih all antibodies stained platelets and megakaryocytes, 
speoifio staining of endothelial cells in these organs was only 
observed with anti-vWF. A significantly increased number of 
platelet* in the livers of LPS-ueated mice was detected with pOp I 
and pOp 4 (and JONl), whereas staining of platelets In the lungs 



and pSatclcts/mcgakaryocytcs in the spleens was apparently un- 
changed compared with mat in the control mioe. As in the control 
mice, kidney, heart, ftin, intestine, brain, and thymus appeared 
virtually free of platelets (the latter 4 organs are not shown). 



Discussion 

In the current study wc investigated the structural and functional 
properties of mouse GPIb-IX and systematically examined the in 
vivo expression of the receptor on a cellular level Tor the first time- 
Far our studies we ua&d £ rt&wly developed monoclonal antibodies 
that recognized differem* nonoverlapping epitopes on the complex. 
Immunoprccipitation and Western blot analysis showed thai the 

individual components of the complex had apparent molecular 

weights similar to those or human nomologs: OFlbot (approxi- 
mately 1 50 kd), OPIbB (approximately 25 kd)» and GPIX (approxU 
mately 25 kd) (Figures 1.2). UsmgpOp 1-5 for flow cytometric and 
biochemical analyses, we were able to examine and quantify the 
regulation of different epitopes on mouse GPIb-DC under various 
experimental conditions, Tn our experiments, wc found that throm- 
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bin-induced activation of mouse platelets resulted in approximately 
47% shedding of GPIba (GC) and only approximately 31<M> 
internalization of the GPlb-IX complex, In conuast, thrombin has 
been reported to induce internaliwion of GPlb-IX complexes from 
the platelet surface to me surface-connected canalicular system 
without evidence for receptor sheddina on human platelets.^** 
though this finding is not commonly accepted, Therefore, It 

seems likely that mouse GPIba is more susceptible to proteolytic 

cleavage during platelet activation. This hypothesis may be sup- 
ported by the detection of at least 10-fbld higher GC concentrations 
in mouse plasma than in human plasma (approximately 25 ws/rnL 
versus approximately 2 ug/mL 38 ). Certainly, the higher platelet 
counts in mice (1.0-1.2 x 10%L versus 0.2-0,4 x 10 fi /uL) also 
contribute to the marked difference in plasma GC concentration* 
between the 2 species, 

Although GC is the only known fragment of human GPIba 
generated by platelet-derived proteases, an additional N-icrmlnal 
45-kd fragment can be generated experimentally by trypsin diges- 
tion. 8 This fragment, isolfttod by tryptia digestion or ex- 
pressed by recombinant DNA methods, contains the binding sites 
for vWF and thrombin and essentially mimics the functional 

properties of OPlb-IX-v as a soluble receptor. 7 " 0 in our immunopre- 
cipitation experiments with washed platelets, wc identified 3 
different soluble fragments (GC, 60 kd end 45 kd) and the 3 
corresponding membrane-anchored truncated Forms of GPIba (20 
kd, 00 kd, and 105 kd), demonstrating that these fragments must 

have been generated by platelet-derived proteases (Pigure «), To 
our knowledge, this is the first report describing the proteolytic 
generation of both the 45-kd and tho 60-kd N-toTminel fragment of 
GPlbra by plate let-derived proteases. Based on our data, wc 
propose 3 cleavage sites on murine CPIba (Figure 4), suggesting 

complex regulation mechanisms or GPlb-lX Junction in vivo, in 
contrast, in vitro activation of platelets with thrombin or PMA only 

resulted in proteolytic generation of GC but not of the 4$-kd end 
00-kd fragments of GPlbot (not shown). Most information on 
GPIb-TX-V regulation in humans is derived from studies using 
exogenous platelet-activating stimuli. This may explain why GC Is 
the only known proteolytic fraament of GPIbct cleaved from 
activated human platelets. 

The GPIba-vWF interaction has become a potentially interest- 
ing target for antithrombotic therapies, 19 leading to the develop- 
ment of strategies for receptor or ligand blockage in vivo. Although 
mAbs against the A 1 -domain of vWF efficiently blocked GPIba- 

vWF interaction in vivo, 39 there ore conflicting reportfc about the in 

vivo enects or antUGPlbo: mAbs. Becker et ar 10 reported that 
F(ab) r fragmGms of an anrUGPIba mAb inhibited GPIb-vWF 
interactions in vivo and cx vivo without significant effects qn 

platelet counts in guinea pigs. In contrast, a more recent study 
performed in baboons showed that the injeciion of anti-GPIbtt- 
F(ab) ? -fragments immediately resulted in profound irreversible 

thrombocytopenia.* 1 1 We observed similar effects in the mouse. All 
mAbs or F(ab)2-fragments against the GC portion of GPIb©;, 
irrespective of their exact binding epitope, induced aggregate 
formation in vitro and a greater than 95% drop of platelet count 
within 2 minutes in vivo (Figure 0j. Although the mechanisms 
underlying this cytotoxic effect could not be identified in the 

current study, it seems possible thai attempts to block certain 

epitopes on OFfo w«D modified antibodies in vivo may generally 

result in thrombocytopenia. In contrast to the inhibition of CPZIbllla 
function,-" in vivo blockage of certain epitope* on OPtb may, 
therefore, not be a promising antithrombotic strategy. 



Monoclonal antibodies directed aeainst human GPIba have 
been reported to inhibit rietocctin-induoed platelet agglutination 
and to interfere with collagen-induced platelet aggregation. 43 Our 
aggnsgometric studies with pop US. however, showed that none of 
the mAbs had significant influence on aggregation induced by 
adenosine diphosphate, collagen, and PMA (not shown). Further- 
more, p0p US had no effect on ri*toectm-induoed platelet aggrega- 
tion, which was always associated with classical platelet activation, 
Concentrations greater than 1 mg/mL ristocetin induced surface 
expression of P-sclectm* fibrinogen, and endogenous vWF, as 
determined by flow cytometry (Figure 5). The direct activation of 
mouse platelets by ristocetin contrasts its passive agglutination of 
human platelets, lJ Thus, ristocetin may not be suited for studies on 
GPIba-vWF interactions in the mouse system. 

The expression of GPlb-IX on cells of nonmogakaryocytic 
origin (particularly endothelial cells) has been controversial. Al- 
though the importance of the complex in normal megakaryocyte 
and platelet physiology is clear and well documented, some author 
have speculated on a second, unrelated role of GPIb or the 
GPIb-IX-V complex.*?" 31 This hypothesis is based on the observa- 
tion that cultured human endothelial and smooth muscle cells 
express the individual subunite of the complex. 31 ' 44 - 46 Furthermore, 
endothelial GPIba ha& been proposed to be involved in platclct- 
cndothelial cell interactions under inflammatory conditions."* 30 ' 41 
On the other hand, these data are not without debate because the 
findings could not be reproduced by others." Recently, Pujita et 
al j * made the first attempt to examine the in vivo expression of 
GPIbct in the mouse. Tho authors reported consistent and reproduc- 
ible GPIba gene activity in nonhematopoietic organs, including 
lung and heart, and Qiey speculated on GPIb* expression on cells 

other than platelets/megakaryocytes. Although GPXb-IX-V can be 
detected immunohistochemically on cultured human endothelial 
cells» JWI no aywtematic studies on the in vivo expression of the 
receptor on a cellular level have been performed to date. We 
examined GPlb-IX expression under norma! and inflammatory 
conditions immunohistochemically for the first time and found 
specific staining in the major organs of the mouse only on platelets 

and megakaryocytes, but not on endothelial cells (Figure 7). 
Comparison between JON 1 (antl-GPIIbina) and pop l,4(antUGPJb- 
IX).stained sections demonstrated identical staining patterns in all 
organs examined. In contrast, antibodies against vWF clearly 
stained platelet^megakaryocytes and endothelial cells. Although 
the sensitivity of immunohistochemical techniques is limited, our 
studies did not support tne hypothesis that GPlb-tX is expressed on 
endothelial cells in vivo. 

In conclusion, the results presented in this article indicate that 
mouse GPlb-IX was exclusively expressed on platelets and mega- 
karyocytes and, despite some differences, shared many structural 
and functional properties with the human receptor. The pOp mAbs 
proved powerful tools, and they may be helpful for further studies 
on the function and regulation of tho GPlb-IX complex. The 
availability of transgenic and knockout strains predestinates the 
mouse system for such investigations. 
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Summary. The current standard of care for the treatment of 
arterial thrombosis includes anticoagulants and three classes of 
antiplatelet agents - aspirin, thienopyridines and glycoprotein 
Ilb-IIIa antagonists. Although these drugs have had a signifi- 
cant impact on morbidity and mortality in several patient 
populations, up to 15% of the high risk patients with acute 
coronary syndrome continue to suffer from ischemic events. 
This problem may occur, in part, because the platelets in many 
patients are non-responsive to aspirin and clopidogrel. Murine 
models now indicate that platelets are not only responsible for 
arterial occlusion, they are also involved in the progression of 
atherosclerotic disease. New opportunities have emerged 
identifying potential targets and strategies for drug discovery 
suited to address these deficiencies by more effectively modu- 
lating platelet adhesion, thrombus growth, thrombus stability 
and the pro-inflammatory activity of platelets. In addition, a 
growing need has emerged for the development of bedside 
devices capable of bringing personalized medicine to patients 
being treated with antithrombotic drugs in order to measure the 
pharmacodynamic activities of new therapies, to assess the 
activities achieved by combined antithrombotic therapy, and to 
identify patients that fail to respond. 

Keywords: anticoagulant, antiplatelet, atherosclerosis, platelet, 
platelet monitoring, thrombosis. 



Introduction 

Arterial thrombosis is the result of sequential events involving 
platelet adhesion, activation and subsequent aggregation that 
can lead to vascular occlusion, perhaps the primary patholo- 
gical complication of advanced atherosclerotic lesions. Recent 
advances in the field of thrombosis suggest that the second 
pathological consequence of platelet adhesion and activation 
may be as consequential as the immediate ischemia induced by 
arterial thrombosis as platelets are a primary source of several 
inflammatory proteins known to be involved in the progres- 
sion of atherosclerotic disease including RANTES, sCD40L, 
PDGF and transforming growth factor-0 (TGF-p). These 
considerations suggest that therapeutic targeting of platelets 
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has two objectives: first, prevention of vessel occlusion; 
second, inhibition of the platelet contribution to lesion 
progression. 

The pharmaceutical industry has made important inroads 
into the development of drugs for the treatment of the 
thrombotic complications of atherosclerosis. In one example, 
the occlusive, ischemic consequences of acute myocardial 
infarction (MI) have been addressed, by thrombolytics to lyse 
the thrombus, and more recently by interventional strategies 
to mechanically remove or dislodge the thrombus and to 
maintain artery patency with stents coated with agents such as 
rapamycin or paclitaxel to reduce the incidence of restenosis. 
In yet another example, antagonists against platelet receptors 
such as glycoprotein (GP) Ilb-HIa and P2Y 12 have been 
developed, joining aspirin, a Cox-1 inhibitor as the primary 
antithrombotic drugs. However, despite these advances in 
antithrombotic therapies and the widespread use of statins to 
reduce cholesterol and CRP levels, the incidence of athero- 
sclerosis continues to rise, as do the ischemic consequences of 
atherosclerosis including MI and stroke. An added complica- 
tion is type 2 diabetes which is an independent risk factor for 
cardiovascular disease (CVD). A recent analysis of the 
Framingham Heart Study showed that even though manage- 
ment of risk factors such as blood pressure and cholesterol has 
improved significantly in the total patient population, the 
presence of diabetes significantly reduced the overall benefits 
[1]. While it may be possible to address these pathologies by 
more aggressive health management, and by more optimal 
application of existing therapies, clearly, truly effective treat- 
ment of the thrombotic consequences of atherosclerosis 
requires not only the development of drugs to be used as 
primary care on a chronic basis to prevent thrombosis and its 
ischemic complications but also to block the contribution of 
platelet-induced inflammation in the progression of athero- 
sclerotic disease. Reviewed below is the mechanism of action, 
clinical successes and limitations of the four drug classes 
currently used to prevent arterial thrombosis; aspirin, P2Y 12 
inhibitors, GP Ilb-IIIa antagonists and anticoagulants. Thera- 
peutic opportunities afforded by our current understanding of 
the mechanisms of arterial thrombosis and the inflammatory 
activity of platelets are discussed. Finally, recognizing that 
individuals vary in response to various drugs and that 
combination antithrombotic therapies has become common- 
place, we will highlight the need for improved pharmaco- 
dynamic assessment of platelet function. 
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Current strategies 

Current therapeutic strategies for the treatment of arterial 
thrombosis are based on the well-known receptor systems 
summarized in Fig. 1. In this simplified diagram, collagen and/ 
or thrombin are designated as the primary platelet agonists. 
While either agonist is capable of activating platelets, including 
the activation of the receptor function of GP Hb-HIa for the 
binding of fibrinogen and von Willebrand factor (VWF) to 
initiate platelet aggregation, stable aggregation of platelets is 
augmented by two autocrine factors generated upon platelet 
stimulation: ADP, released from platelet dense bodies, and 
TXA2, generated by the sequential actions of Cox-1 and 
thromboxane synthase on the arachidonic acid released from 
membrane phospholipids. Additional aggregation-dependent 
secondary mediators include sCD40L and Gas6 plus aggrega- 
tion-induced tyrosine phosphorylation of GP Ilia and activa- 
tion of secondary aggregation receptors such as SLAM, CD84, 
Eph kinase and the Gas-6 receptors. Even though the signaling 
reactions induced by the receptor systems for the platelet stimuli 
summarized in Fig. 1 are diverse, including those coupled by G q 
(PAR-1 and TP), G { (P2Y 12 ), Syk (GP VI), She and talin (GP 
lib-da), drugs that target these receptor systems have been 
designed either to specifically inhibit the receptors themselves 
[e.g. GP Ilb-IIIa antagonists (eptifibatide, abciximab, tirofiban) 
and P2Yi2 inhibitors (clopidogrel, ticlopidine)], to block the 
generation of the agonists {e.g. the Cox-1 inhibitor aspirin and 
Factor Xa (FXa) inhibitors [low molecular weight (LMW) 
heparins]}, or to antagonize the agonist itself (e.g. thrombin 
inhibitors (standard heparin, direct thrombin inhibitors)]. 

Aspirin 

The clinical successes achieved by the current therapies to treat 
arterial thrombosis have been remarkable. Aspirin was the first 




Fig. 1. Current therapeutic strategies for the treatment of arterial thrombosis. The reaction diagram is designed to illustrate the pathways regulated by. 
current therapeutic strategies on unstimulated, discoid platelets (top left), stimulated platelets (top right), and aggregated platelets (bottom). The four 
antithrombotic drug classes include: (1) Thrombin inhibitors; (2) GP Ilb-HIa antagonists; (3) P2Y 12 antagonists; and (4) inhibition of TXA 2 production. 
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and continues to be the most widely used of these drugs. The 
trend toward the widespread use of this drug to block arterial 
thrombosis was first indicated by the findings of the ISIS-2 trial 
which demonstrated that aspirin reduced mortality from acute 
MI to a rate that is similar to that of the thrombolytic agent, 
streptokinase [2]. The data from multiple trials summarized by 
the Antiplatelets Trialist's Collaboration found a 25% relative 
risk reduction by aspirin of vascular death, MI or stroke, vs. 
placebo [3] which led to the widespread adoption of aspirin as 
standard therapy for primary and secondary prevention of 
arterial ischemia. This collaboration also reviewed the clinical 
trials using aspirin to show that low-dose aspirin (75-150 rag 
daily) is effective for long-term use [4]. While the half-life of 
aspirin in humans is relatively short (~20 min), its effect 
persists for the lifetime of an affected platelet in circulation as 
the drug acetylates Cox-1 at serine-529, located at the active site 
of the en2yme. Attempts have been made to develop additional 
drugs that target the thromboxane pathway in platelets 
including a variety of thromboxane receptor (TP) antagonists, 
thromboxane A 2 synthase inhibitors, or compounds that 
combined both functions [5]. Although some of these agents 
had potent antithrombotic effects in experimental models and 
preclinical studies, and offered the advantage of inhibiting the 
TP stimulating activity of prostanoid metabolites in addition to 
TXA 2 (e.g. isoprostanes, PGH2), they are not currently used to 
block arterial ischemia as most were not evaluated in clinically 
relevant phase III trials [6], 

Thienopyridines 

The second most widely used of the antiplatelet drugs for 
chronic use are thienopyridines targeting P2Y l2 . This class of 
drugs, which includes clopidogrel, and its predecessor ticlopi- 
dine, act via irreversible inhibition of the platelet P2Yi 2 
receptor. Both are prodrugs, requiring hepatic metabolism by 
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cytochrome P450 isoform 3A4 in order to generate the active 
metabolite, a transient intermediate which covalently modifies 
and inactivates the receptor. Ticlopidine has been shown to be 
efficacious in conditions such as claudication, unstable angina, 
and cerebrovascular disease [7]. However, the incidence of 
neutropenia associated with ticlopidine led to the development 
of a second-generation thienopyridine, clopidogrel, with 
increased potency and fewer side-effects. In the CAPRIE trial 
[8], clopidogrel was shown to be more efficacious than aspirin, 
particularly in high-risk patients (diabetics and those with a 
history of prior revascularization). Subsequently, the CURE 
study [9] demonstrated that patients with unstable angina or 
non-ST segment elevation MI received a 20% relative risk 
reduction if they were randomized to clopidogrel plus aspirin 
vs. placebo plus aspirin, and the PCI-CURE substudy [10] 
showed that this benefit extended to patients undergoing 
percutaneous intervention (PCI). The slow onset of action of 
thienopyridines, due to their metabolism requirement, has 
necessitated the administration of a large loading dose 
(300 mg) prior to acute procedures, such as PCI, as demon- 
strated in the CREDO trial, where the maximum benefit of 
clopidogrel administered with aspirin required a loading dose 
given at least 6 h prior to the procedure. This study also 
demonstrated a significant 27% reduction in death, MI and 
stroke from 1-year administration of clopidogrel plus aspirin 
following PCI, compared to 1 -month dosing [11]. 

CP lib-Ilia antagonists 

The GP Ilb-IHa antagonists are designed to bind to the integrin 
on unstimulated platelets and on platelets after stimulation. GP 
Ilb-IIIa is an attractive antiplatelet target as it is (i) on the 'final 
common pathway* mediating platelet aggregation irrespective 
of the agonist used to induce platelet activation, (ii) platelet- 
specific, and (iii) responsible for a variety of aggregation- 
dependent platelet functions including those in coagulation, 
inflammation, fibrinolysis and vascular cell proliferation. Three 
GP Ilb-IIIa antagonists have been developed: integrum, a 
cyclic heptapeptide modeled after the active site of the 
disintegrin found in the southeast pigmy rattle snake; abcix- 
imab, a Fab fragment of a mouse/human chimeric antibody 
against GP Ilb-IIIa; and tirofiban, a synthetic inhibitor of GP 
Ilb-IIIa. All were designed to be infusible i.v. drugs and are 
therefore only adrriinistered to patients in acute settings who 
have a high risk of experiencing an ischemic event such as those 
undergoing PCI (with or without stent placement) or those 
with symptoms resulting from acute coronary syndrome (ACS) 
[12]. Use of these drugs has shown a remarkable reduction in 
death and MI for these indications [13-15]. 

Anticoagulants 

ACS patients, whether undergoing an invasive revasculariza- 
tion procedure or not, are treated with aspirin and antithrom- 
bin therapy in the form of unfractionated or LMW heparins. 
Although unfractionated heparin is effective in reducing clinical 



events, a narrow therapeutic index makes it a less than optimal 
antithrombin for this class of patients. Like their parent 
anticoagulant, i.e. standard heparin, LMW heparins are 
indirect antithrombins and utilize antithrombin III to mediate 
inhibition of thrombin and FXa. As LMW heparins have more 
predictable pharmacokinetics than standard heparin, they are 
used in a fixed dose manner. Early trials of the LMW heparin 
enoxaparin in unstable angina and non-Q wave MI patients 
demonstrated improved efficacy over standard heparin and the 
drug has emerged as the most commonly used LMW heparin 
[16,17]. Fondaparinux, a synthetic pentasaccharide, also util- 
izes the antithrombin III binding region of heparin and has 
been found to be an appropriate anticoagulant for prevention 
of deep vein thrombosis in orthopedic surgery [18]. Unlike 
enoxaparin, which inhibits both thrombin and FXa, fonda- 
parinux acts only as an indirect FXa inhibitor. Venous 
thromboembolism prevention trials showed that fondaparinux 
has a superior efficacy profile to its comparator enoxaparin. 
Ongoing trials of fondaparinux in ACS patients will show if the 
concept of attaining superior efficacy by inhibition of FXa 
alone (vs. the combination of FXa and thrombin) can be 
achieved in arterial settings. 

Combination antithrombotic therapy 

Arterial thrombosis developed at sites of spontaneously or 
mechanically disrupted atherosclerotic plaque is triggered by a 
multitude of highly thrombogenic materials (i.e. fibrillar 
collagen and tissue factor). It is the result of complex 
interrelations between coagulation and platelets orchestrated 
by local rheological conditions. An emerging strategy in the 
treatment of arterial thrombosis came with the realization that 
combinations of antithrombotics provide greater therapeutic 
benefit than are provided by drugs used singly. Accordingly, 
the combination aspirin-plus-clopidogrel is rapidly becoming 
the new standard of care for the management of patients with 
non-ST segment elevation ACS and in patients undergoing a 
PCI. In support of this trend, the CURE study demonstra- 
ted that aspirin-plus-clopidogrel caused a 20% relative risk 
reduction of vascular death, MI, and stroke compared with 
aspirin-plus-placebo [9]. The dual antiplatelet therapy (aspirin- 
plus-clopidogrel) was also more effective and safer than a 
combination aspirin-plus-warfarin in coronary artery stenting 
[19,20]. The remarkable efficacy of the dual anti-platelet 
therapy has prompted the initiation of several clinical trials in 
indications as diverse as atrial fibrillation, peripheral arterial 
disease, peripheral arterial bypass surgery, secondary and high- 
risk primary prevention, acute ST-segment elevation MI and 
heart failure [21]. Finally, although anticoagulants were 
routinely used in the development of antiplatelet agents, 
analysis of these data shows that these combinations often 
provided a clinical benefit that was greater than anticipated. 
We and others have used thrombosis models to evaluate 
synergisms between various pathways. Because TXA 2 and 
ADP activate different pathways, it was anticipated that 
combinations of inhibitors of the two pathways would confer a 
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Fig. 2. Thrombosis defect in platelets from the diYF mouse. Unantico- 
agulated blood from a control mouse (WT) or from a mouse harboring the 
diYF mutation in GP Ilia (Y747F, Y759F) was perfused for 2.5 min 
through a chamber coated with type in collagen at 871 s" 1 and stained. 
The view is en face. 



greater protection against thrombotic events. However, rather 
than an additive effect, the two drugs used together were 
synergistic [22,23]. A potent synergism between clopidogrel and 
anticoagulants [using either a direct thrombin inhibitor (Biv- 
alirudin), a FXa inhibitor or a synthetic LMW heparin] has 
also been observed (Fig. 2) [23,24]. While these results may 
have a simple explanation, resulting from the inhibition of 
fibrin formation by the anticoagulant, where fibrin contributes 
to thrombus stability under arterial shear rate [25], the 
emerging data indicate that the anti-thrombotic synergisms 
may originate from the complementation of the signaling 
pathways in platelets. Activation of the receptor function of GP 
Ilb-IIIa is optimal when engagement of G 12 /i 3 or G q signaling 
pathways is combined with Gi stimulation [26,27]. This 
combination occurs when either TXA 2 (TP) receptor (G 12 /i3, 
G q ), protease-activated receptor-1 (PAR-1) (G 12/ i 3 , G q ), and 
also potentially P2 Y x (G q ) [28] is allowed to synergize with that 
of P2Y 12 (Gi). Note that this model might also explain the 
synergism between aspirin and clopidogrel A different explan- 
ation may stem from the inhibition of the different PI-3 kinase 
enzymes present in platelets. For example, P2Y 12 engagement 
by ADP stimulates PI-3 kinase-y whereas the engagement of 
either FcyRIIA/GPVI, PAR-1, TP, or GP Ilb-IIIa lead to PI-3 
kinase a or p-activation. This could indicate that any combi- 
nation therapy that would block PI-3 kinase a, -p or -y would 
confer a strong antithrombotic efficacy. 

Limitations of current antithrombotics 

Even with the remarkable successes that have been achieved 
with currently available antithrombotics in the prevention of 
arterial thrombosis, limitations of this class of drugs do exist. It 
is valuable, therefore, to consider additional strategies currently 
available to design new drugs that address these limitations. 
That there is room for improvement is readily apparent from 
analysis of current trials. For example in SYNERGY, a trial 
with more than 10 000 high risk non-ST segment elevation 
ACS patients treated with heparin or LMW heparin, aspirin, 
and, as determined by the physician, clopidogrel and/or GP 
Ilb-IIIa antagonists, approximately 15% of all patients still 



experienced death or non- fatal MI within 30 days of treatment 
[29]. Except for aspirin, perhaps the biggest limitation of these 
drugs is that the dose used is less than optimal for the treatment 
of thrombosis. The drugs were typically titrated in preclinical 
development studies to arrive at a dose that had a significant 
inhibition of thrombosis without undue bleeding. While higher 
doses of the drugs had better antithrombotic activity, this 
always created a bleeding risk. Although the dose selected 
required some refinement in subsequent clinical studies, this 
same strategy was employed. 

Aspirin non-responsiveness 

While aspirin is used at a dose (e.g. 70-325 mg day" 1 ) that 
yields near 100% acetylation of Cox-1 in most individuals, it 
has been recognized for several years that individuals treated 
with aspirin still experience thrombotic events. The interpret- 
ation of this observation has been controversial. One could 
argue that aspirin is a comparatively 'weak' inhibitor in that it 
only blocks the production of TXA 2 , an autocrine factor that 
supplements the activities of the primary platelet agonists. 
Indeed, aggregation reactions using platelets from individuals 
taking aspirin appear normal when high concentrations of 
primary agonists are used. However, it has become clear from 
recent pharmacodynamic and biochemical studies that platelet 
responses normally blocked by inhibition of Cox-1 (the target 
of aspirin in platelets) are still present in some individuals, an 
observation that has led to the concept of 'aspirin resistance' or 
'aspirin non-responders' [30-32]. Studies of platelet aggregation 
in aspirin-treated CVD patients, both by traditional ADP and 
arachidonic acid induced aggregation studies and by platelet 
function analyzers such as PFA100, show that 5-10% of the 
individuals can be classified as aspirin non-responders [31]. 
Additional studies demonstrated a threefold higher risk of 
major cardiovascular adverse events in the same patient 
population [30]. As the incidence of aspirin non-responders 
had been shown to be higher in patients who undergo coronary 
artery bypass graft (CABG), a recent study evaluated the 
functional and biochemical responses to aspirin on subsequent 
days following a CABG procedure in a small number of 
patients [33]. The study demonstrated that platelets from these 
patients after CABG did not completely respond to aspirin 
in vitro, and that while Cox-1 levels in platelets remained 
constant 10 days following the procedure, there was a 
pronounced increase in the level of Cox-2, which is ~ 170-fold 
less sensitive to aspirin inhibition, especially at 5 days post- 
procedure. This may be reflective of the increased platelet 
turnover following cardiopulmonary bypass, and the increased 
level of Cox-2 could generate critical amounts of TXA 2 , in spite 
of aspirin treatment, providing a possible explanation for 
aspirin non-responsiveness. Other mechanisms proposed as 
contributing factors to aspirin non-responsiveness include use of 
NSAIDs, which block acetylation by aspirin [34] and polymor- 
phisms of platelet genes (Cox-1 or GP Ilb-IHa) [35], and 
non-compliance. However, the answer may be totally unex- 
pected such as the activation of a deacetylase. Clearly, further 
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studies are needed to better define the underlying mechanisms of 
this phenomenon. Aspirin use is also contraindicated in a 
significant population of patients, i.e. those with gastrointestinal 
bleeding and those with aspirin-induced asthma. 

Clopidogrel non-responsiveness 

The primary limitation of clopidogrel is that this drug 
demonstrates weak and somewhat variable inhibition of 
P2Y 12 [36]. Following a 600-mg loading dose of clopidogrel, 
the extent of inhibition of ADP-induced aggregation (5 um 
ADP) varied from 33% to 78% in healthy individuals, at 6 h 
post-dosing [37]. This effect is further exaggerated in patients 
undergoing PCI/stent placement [38,39]. The antithrombotic 
effect of clopidogrel is likely to be dependent on a number of 
factors including but not limited to variations in P450s, 
polymorphisms of the P2Y 12 receptor and receptor signaling 
pathways. Measurements of platelet aggregation and markers 
of platelet activation (GP Ilb-IHa and P-selectin detection by 
specific antibodies) show that clopidogrel resistance is detected 
in 31 % of the patients on day 5 and 15% of the patients on day 
30 of the treatment regimen [40]. A prospective study of PCI 
patients with non-ST segment elevation MI showed that up to 
25% of the patients were resistant to clopidogrel [41]. When the 
patients were stratified into quartiles based on resistance to 
ADP-induced platelet aggregation, the most resistant patients 
had a 40% adverse event rate during a 6-month follow-up 
period so they are obviously being denied adequate protection 
based on inhibition of P2 Y 12 . It has also been reported that the 
antiplatelet activity of clopidogrel is blocked in patients treated 
with a widely used cholesterol lowering medication (atorvast- 
atin) which is undoubtedly linked to the metabolism require- 
ment for efficacy [42]. A second limitation of these drugs stems 
from their irreversible mechanism of action, which inactivates 
the P2 Y 12 receptor for the lifetime of the platelet. While this is 
not a particular problem with aspirin, which is also irreversible, 
this feature has led to limited use of clopidogrel before PCI in 
patients who are at increased risk of undergoing CABG 
procedures, as the risk for bleeding following clopidogrel 
treatment requires postponement of the procedure for 
5-7 days, or transfusion of large numbers of platelets during 
the procedure. 

Limitations of anticoagulants - i.v. 

Each anticoagulant has evolved unique issues. Replacement of 
unfractionated heparin has had mixed success. Although the 
current ACC/AHA guidelines (2002) prefer enoxaparin over 
unfractionated heparin, recent data do not support this 
preference. In the SYNERGY trial, enoxaparin was found 
not to be superior to unfractionated heparin [29]. In A to Z, for 
patients on a GP Ilb-IIIa antagonist (tirofiban) and aspirin, 
enoxaparin was found to be non-inferior to standard heparin 
[43]. LMW heparins also have a narrow safety window. For 
example, in unstable angina patients treated with enoxaparin, a 
25% dose increase in therapeutic level (1.25 mg kg"" 1 vs. 
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1 mg kg -1 ) produces an unacceptable number of bleeding 
events [44]. Direct thrombin inhibitors such as angiomax have 
also been studied as replacements for unfractionated heparin. 
In the REPLACE 2 trial of PCI, angiomax and provisional GP 
Ilb-IIIa inhibitor compared favorably to heparin plus GP Ilb- 
IHa [45]. The primary end point of the trial combined efficacy 
and safety parameters and the angiomax arm of the trial was 
statistically not inferior to the heparin arm. However, the 
benefit related to reduction of bleeding with the use of 
angiomax is questionable. In REPLACE 2, the control group 
was likely to have been over anticoagulated as the observed 
ACT values in the heparin arm were higher than the 
recommended ACT range (200-300 s) for use of heparin in 
conjunction with GP Ilb-IIIa. As angiomax is substantially 
more expensive than standard heparin, economic considera- 
tions also contribute to its limited use in PCI patients. 

Limitations of anticoagulants - oral 

Warfarin is the only anticoagulant in chronic use. While the 
drug provides tremendous benefit to affected individuals, its 
anticoagulant response is influenced by a variety of factors such 
that > 50% of patients are usually outside of the therapeutic 
range. Due to the large variability in the anticoagulant effect of 
warfarin and its narrow therapeutic index, a large unmet 
clinical need exists for an anticoagulant with predictable fixed- 
dose usage. The need for a warfarin substitute has led to 
numerous drug development projects that have focused on 
inhibitors of coagulation proteases that specifically inactivate 
the protease active site. Ximelagatran, an oral thrombin 
inhibitor, was the first to show that the strategy of direct 
coagulation protease inhibition does translate into effective 
anticoagulation and leads to antithrombotic activity in deep 
vein thrombosis and atrial fibrillation patients [46]. Two studies 
suggest that ximelagatran is at least as effective as warfarin in 
preventing stroke in high-risk patients with atrial fibrillation 
[47]. The studies also showed that there are incidences of 
increase in liver enzymes which would require surveillance for 
potential liver toxicity in future patients. Unfortunately, safety 
problems of ximelagatran related to serious liver toxicity has 
led the FDA to recommend against approval of this thrombin 
inhibitor. While several new experimental agents with the 
potential to be an effective and low variability anticoagulant 
have been evaluated in clinical trials, none of these are available 
for therapeutic use, so the search for a warfarin replacement 
remains a work in progress. 

PAR-1 

While drugs that inhibit thrombin or prevent its formation are 
a mainstay in the armamentarium used for the treatment of 
arterial thrombosis, as of this writing, no efficacy trials have 
been performed to deterrnine whether antagonists of PAR-1, 
the thrombin receptor on platelets, could provide a therapeutic 
benefit. Potent and selective PAR-1 antagonists capable of 
inhibition of thrombin-induced platelet aggregation have been 
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reported in the literature. Peptide mimetic antagonists such as 
RWJ-58259 are effective in models of thrombosis and vascular 
injury and could have potential as therapies for treating 
thrombosis and restenosis [48]. An oral PAR-1 antagonist, 
E-5555, is being developed as a drug candidate for ACS but 
definitive clinical efficacy trials have not been reported [49]. 

Future directions for antithrombotic drug development 

New antithrombotics are required not only to overcome the 
limitations of the current drugs to better manage arterial 
ischemia, but also to address the inflammatory activities of 
platelets which contribute to progression of atherosclerotic 
disease. The successes and limitations of current therapies 
coupled with the advances made in our understanding of 
platelet biology are instructive in the design of new drugs to 
more effectively regulate validated targets, in the identification 
of new targets that may safely provide increased benefit and in 
the development of the proper combination of antithrombotics 
for the various arterial ischemic indications. 

Agonist receptors 

While platelets are activated by numerous agonists acting on 
multiple receptors, the only validated agonist receptor for drug 
discovery is P2Y 12 . The requirements for improvements over 
clopidogrel are clear - more potent inhibition of P2Y l2 ; less 
variability of inhibition between different patients; no require- 
ment for metabolism resulting in less delay in onset to action; 
and quicker recovery of platelet function following discontinu- 
ation of use. While these requirements can most likely be best 
achieved by an orally available reversible P2Yi 2 antagonist, 
preclinical data indicate three promising candidates in devel- 
opment with different properties. One is cangrelor (AR- 
C69931MX), a nucleotide, intravenous compound that revers- 
ibly antagonizes P2Y 12 [50]. AZD-6140, an orally available 
direct-acting P2Y 12 antagonist [51], is presently being evaluated 
in phase II clinical trials. Prasugrel (CS-747), a thienopyridine 
prodrug similar to clopidogrel which is more rapidly converted 
to the active metabolite than is clopidogrel, has completed 
phase II trials and will be evaluated in phase III trials in ACS 
patients [52]. 

ADP also acts on P2Y b a G q coupled receptor. Studies using 
either selective antagonists of P2Yi or P2Y i2 , as well as gene- 
targeting strategies [53-56] have demonstrated distinct roles for 
these two ADP receptors. P2Yi is responsible for initiation of 
aggregation to ADP [55], while P2Y i2 is critical for amplifica- 
tion of the aggregation response by released ADP, and for 
stabilization of platelet aggregates and the growing thrombus 
[57]. In addition to the different roles of these two receptors in 
initiation and stabilization of thrombus growth, one could 
argue that the selective tissue distribution of P2Y 12 (platelets, 
megakaryocytes and glial cells), vs. P2Yi (which is ubiquitously 
expressed) makes it the preferred drug target. Although there 
are selective P2Y X antagonists which have been used as in vitro 
tools [58,59], none of these have been clinically evaluated as yet, 



and may not have suitable pharmacokinetic properties to be 
viable drug candidates. 

Secondary aggregation receptors 

While the initial interaction of platelets during thrombosis is 
dependent upon GP Ilb-IIIa, it has become apparent that 
signaling reactions initiated by platelet-platelet contact are 
required for thrombus stability. Several mediators of aggrega- 
tion-induced signals have been identified. One is GP Ilb-IIIa 
itself which becomes tyrosine phosphorylated and also associ- 
ates with numerous signaling and cytoskeletal proteins follow- 
ing platelet aggregation. The importance of the 'outside-in' 
signaling in the enhancement of platelet aggregation was 
demonstrated by the generation of knock-in mice where 
tyrosine residues Y747 and Y759 were mutated to phenylal- 
anine [60]. The so-called DiYF mice displayed selective 
impairment of outside-in signaling resulting in the formation 
of unstable aggregates. In addition, as shown in Fig. 2, ex vivo 
perfusion chamber experiments on type III collagen have 
shown that the DiYF mouse has defective thrombosis. Another 
protein involved in secondary platelet aggregation is CD40L, a 
tumor necrosis factor family member mainly expressed on 
activated T cells and platelets [see 61]. CD40L is cryptic in 
unstimulated platelets, but rapidly becomes exposed on the 
platelet surface after stimulation where it is subsequently 
cleaved, producing a soluble hydrolytic product termed 
sCD40L [61]. We have shown that mice lacking CD40L have 
a thrombosis phenotype and that normal thrombosis is 
regained upon infusion of sCD40L [62]. Interestingly, sCD40L, 
in addition to being a ligand for CD40, is also a ligand for GP 
Ilb-IIIa, a reaction that depends upon its KGD sequence, a 
known GP Ilb-IIIa binding motif. sCD40L also triggers 
outside-in signaling by tyrosine phosphorylation of GP Ilia, a 
reaction which is defective in the platelets from the DiYF 
mouse [63]. While inhibition of primary platelet aggregation 
and this secondary aggregation mechanism are both inhibited 
by GP Ilb-IIIa antagonists, a potential drug target is the 
metalloproteinase responsible for CD40L cleavage. Another 
protein released upon platelet activation that functions to 
consolidate platelet thrombi is Gas6. Gene targeting of Gas6 
also demonstrates a thrombosis phenotype [64]. Gas6 binds to 
three receptors on platelets, Tyro3, Axl and Mer, but genetic 
targeting of any one unexpectedly inhibits Gas6-induced 
platelet stimulation. However, as Gas6 also induces tyrosine 
phosphorylation of GP Ilia, apparently by a mechanism 
independent of binding to the integrin, it has been proposed 
that Gas-6 signaling could be therapeutically regulated through 
inhibition of Gas6-GP Ilb-IIIa cross-talk [65]. 

Platelet-platelet contacts induce the activation of additional 
signaling mechanisms which are involved in aggregate stabil- 
ity. One involves Eph kinases and ephrins, specifically EphA4 
and ephrinBl, which through receptor ligand interactions on 
the platelet surface enhance the binding of GP Ilb-IIIa to 
immobilized fibrinogen in the presence of physiological 
agonists [66]. Recent work from our laboratory using both 
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oligonucleotide -based micxoarray analyses and mass spectro- 
metric proteomics techniques has identified two additional 
receptor families that are involved. One involves two members 
of the SLAM family of adhesion receptors, SLAM and CD84: 
the other involves a novel protein termed PEAR1 (N. Nanda, 
M. Hart and D.R. Phillips, unpublished data). All proteins are 
exposed on the surfaces of unstimulated platelets and signal 
secondary to GP Ilb-IIIa-mediated platelet-platelet contacts 
by becoming tyrosine phosphorylated. Therapeutic targeting 
of one or more of these secondary aggregation receptor 
systems in platelets is an attractive possibility as they appear 
to have a greater effect on thrombosis than they do on 
hemostasis. 

Adhesion receptors 

Several platelet adhesion receptors have been identified but we 
will focus on GPVI and GPIba, the adhesion receptors that are 
not only involved in the adhesion of platelets to the highly 
thrombogenic fibrillar collagens in the vessel wall exposed 
following vascular injury but also contribute to platelet 
activation. Both receptors are attractive drug discovery targets 
as both are platelet specific. Under the high shear rates 
encountered in coronary and carotid arteries, the binding of 
VWF to the collagen surface triggers a transient interaction 
with GPIba that allows for a more stable interaction of the 
platelet with the collagen surface via at least two collagen 
receptors, integrin a 2 (3i and GPVI. Recent findings indicate 
that GPIba and a 2 Pi preferentially contribute to the adhesion 
process whereas engagement of GPVI triggers signaling events 
leading to platelet activation [67], GPVI is non-covalently 
associated with the Fc receptor y-chain and signals through the 
platelet via stimulation of multiple non-receptor tyrosine 
kinases. Interestingly, part of this signaling pathway may be 
common to GPIba activation, and signals coming from these 
two receptors contribute to the activation of the receptor 
function of GP Ilb-IHa and platelet aggregation. Modulation 
of the GPVI receptor function is becoming an attractive target 
as platelets from GPVI-deficient animals, human platelets 
expressing low levels of GPVI, or platelets treated with a GPVI 
antibody, while unable to support thrombus growth [67-69], 
are nontheless able to adhere on the collagen surface (via a 2 Pi 
integrin and potentially another collagen receptor [70]) minim- 
izing the effects on hemostasis [71,72]. GPIba is a high shear 
rate-dependent thrombosis receptor that affects recruitment of 
platelets at sites of vascular injury (on the collagen present in 
the subendothelium and on adhering platelets) with minor 
impact on venous thrombotic process. Modulation of the 
VWF/GPIba axis has been the subject of many investigations 
with promising animal experimental results, but severe 
thrombocytopenia has been associated with the use of 
antibodies against GPIba, thus reducing the general interest 
of the scientific community for several years. Nevertheless, 
novel strategies targeting the VWF/GPIba axis through snake 
venom proteins cleaving GPIba, VWF peptides or antibodies 
against VWF are reviving this strategy. 
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Signaling pathways 

The extensive repertoire of platelet functions, while initiated by 
receptors, is regulated by signal transduction pathways. While 
these pathways have not been known as drug discovery targets, 
two observations suggest that they are worthy of consideration. 
First, the remarkable success of Gleevec, an Abelson tyrosine 
kinase inhibitor, has proven efficacy in the treatment of chronic 
myelogeneous leukemia and other cancers. While the multiple 
functions of this kinase in diverse cell types predicted toxicity, 
clinical data have shown that the benefits far outweigh the 
liabilities. The success of this drug suggests that signal 
transduction pathways, though redundant for multiple signa- 
ling systems in diverse cell types, are worthy of consideration as 
therapeutic drug discovery targets. This conclusion is suppor- 
ted by the analysis of numerous gene-targeted mouse strains 
which have led to the surprising conclusion that the phenotype 
achieved by the disruption of any specific gene is often limited, 
even for genes involved in signal transduction. A second 
observation is that the platelet stimuli often induce diverse 
responses. For example, any one of the primary platelet 
agonists are capable of producing a spectrum of responses 
which could have pathological implications, e.g. aggregation 
caused by the activation of the receptor function of GP Ilb- 
IHa, expression of procoagulant activity of prothrombinase or 
FXase to catalyze the production of thrombin, generation of 
vasoactive substances such as TXA2 and serotonin to induce 
vasoconstriction, release of proinflammatory proteins like 
sCD40L, RANTES and TGF-j3 to affect vascular inflamma- 
tion including the progression of atherosclerosis, the release of 
growth factors such as PDGF to affect vascular remodeling, 
and the activation of secondary aggregation receptors such as 
SLAM, CD84 and the ephrins to stabilize thombi and cause 
vascular occlusions. As many of these responses would be 
expected to be regulated by a specific pathway, it is reasonable 
to expect that these responses could be individually regulated. 
If true, this approach could inhibit platelet-dependent pathol- 
ogies without compromising primary hemostasis. One poten- 
tial example is PI-3 kinase and the regulation of the adhesive 
function of GP Hb-EIa [73]. 

The roles of secondary signaling events downstream of 
platelet surface receptors have been elucidated through gene- 
targeting studies in mice, and subsequent evaluation of their 
platelet phenotypes using both in vitro and in vivo techniques. As 
certain key platelet agonists such as ADP, thrombin, and TXA2 
all activate platelets through G protein-coupled receptors, 
genetic targeting of individual a-subunits of G proteins has 
been a successful strategy in studying platelet signaling down- 
stream of receptor activation. Characterization of platelets from 
mice lacking G q , G& and G 13 , identified these three proteins as 
key mediators for ADP and TXA 2 receptors [27,74-76]. 
Targeting of additional subunits (G z , G^, and G 12 ) showed 
little or no effect on platelet phenotype, which could be due to 
lack of coupling of these subunits to critical platelet receptors, or 
due to redundancy in the signaling pathways. Thrombin 
signaling has been shown to be affected by lack of Gi, G q , and 
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G l3 , to varying extents. In mice lacking both G q and G 13 , no 
platelet activation was possible by ADP, TXA 2 , or thrombin 
[27], suggesting that at least G q or G 13 is required to induce some 
activation, and that activation of Gi-type proteins alone is not 
sufficient for activation of mouse platelets. In these G q /Gi 3 
double-deficient platelets, adhesion of platelets to collagen was 
not affected; however, aggregation in response to collagen fibrils 
as well as formation of stable aggregates on collagen-coated 
surfaces was completely eliminated. In addition to targeting of G 
protein subunits, targeting molecules involved in kinase signa- 
ling pathways have resulted in mice with impaired platelet 
functions, which is not unexpected given the fact that kinases of 
the src family (Csk, src) have been shown to be physically 
associated with the cytoplasmic domain of GP Ilb-IIIa [77]. The 
platelet phenotype of mice lacking the tyrosine kinase syk, 
critical for downstream signaling through the collagen receptor 
GPVI, and also activated during outside-in signaling and 
activation of GP Ilb-IIIa, exhibited defects in platelet activation 
induced by ADP ± epinephrine [78]. Mice lacking the adapter 
protein SLP-76, which is on the syk signaling pathway, have 
been shown to have defects in GP Ilb-IIIa signaling and collagen 
receptor responses [79]. The important role of downstream 
signaling molecules identified through gene-targeting studies 
may provide new opportunities for therapeutic intervention for 
blockade of platelet activation, thrombus formation, and 
adhesion. 

Evolving paradigm on the relationship of thrombosis 
to inflammation 

Not only are platelets critical players in mediating thrombosis, 
but recently their role in inflammation has become more 
appreciated. Although it is widely accepted that inflammatory 
activities that orchestrate the progression of atherosclerosis are 
derived from 'traditional' inflammatory cells such as monocytes 
and neutrophils, emerging data suggest that products released 
from platelets during thrombosis are actively involved in this 
process and that platelets are a primary source of inflammatory 
proteins within the circulation. For example, Schober et al. [80] 
reported that platelets deposit RANTES onto endothelial cells 
in the injured vessel wall, and that this interaction is mediated 
by P-selectin, a surface receptor mediating the attachment of 
platelets to leukocytes and endothelium. Additional work from 
this laboratory showed that infusion of activated platelets into 
the apoE _/ ~ mouse greatly enhanced the rate of atherosclerotic 
lesion progression [81]. The exposure of P-selectin following 
platelet activation is a key mediator of platelet-leukocyte 
interaction, and facilitates atherosclerotic lesion development, 
as demonstrated by Burger and Wagner [82]. In patients with 
acute Ml, platelet-leukocyte interaction is increased compared 
with controls, and P-selectin levels have been shown to remain 
increased for at least a month following initial presentation in 
ACS patients with non-ST segment elevation [83], and even in 
patients with stable coronary artery disease. Antiplatelet 
therapy with a P2Y 12 antagonist plus aspirin was shown 
to decrease platelet-monocyte interactions that occur after 



coronary stenting [84], an effect not observed with anticoag- 
ulants plus aspirin, suggesting that P2Y 12 antagonism had an 
anti-inflammatory effect distinct from its antithrombotic mode 
of action. Targeting of CD40L, another platelet-derived 
inflammatory protein, either through a blocking antibody 
[85] or via gene-targeting [86], greatly inhibited lesion progres- 
sion in either LDLR"^ or apoE _/ ~ mice, respectively. Soluble 
CD40L (sCD40L), the shed hydrolytic product of CD40L, 
95% of which is platelet-derived, has been shown to be a 
primary risk factor for atherosclerosis/ thrombosis [87]. In 
addition, the binding of platelet-derived sCD40L to endothelial 
cells can lead to the expression of tissue factor, a potent 
procoagulant. Clopidogrel has been shown to inhibit 
ADP-induced CD40L expression, and to lower CD40L levels 
in patients undergoing PCI [88], while aspirin does not. Thus, 
some forms of antiplatelet therapy, including P2Y 12 inhibition, 
can inhibit platelet pro-inflammatory responses. Finally, recent 
data show that targeting of GP Ib-IX-V complex, a platelet 
adhesion receptor, in the apoE"^ mouse blocks leukocyte 
recruitment and the development of atherosclerotic lesions [89]. 
Thus, studies of the role of platelets in inflammation may 
provide new potential targets for CVD through inhibition of 
atherosclerosis and/or thrombosis. 

Platelet monitoring 

The pharmaceutical industry and drug approval agencies 
expect that the early inroads into personalized medicine in the 
administration of selected chemotherapies will ultimately 
extend to all drug classes. These early examples include 
screening for HER2 positive individuals in the treatment of 
breast cancer with Herceptin and the screening for EGF 
receptor for the treatment of lung, cancer with gefitinib [90]. 
More generally, by the time this manuscript is published, the 
CYP450 screen will most likely be available to detect the 
various isoforms of P450 which will be useful in projecting 
drug levels in individuals treated with a wide variety of drugs, 
While such strategies will be of value in selecting and dosing 
antithrombotics, particularly for chronic use, access to blood 
of patients treated with antithrombotics continues to provide 
the best opportunity for monitoring the effect of any therapy 
or any combination of therapies on each patient being 
treated. While suitable assays are available to monitor 
anticoagulants, the monitoring of antiplatelet drugs is not 
routinely performed. 

Evaluations of data from the current antithrombotics and 
their limitations have defined the assays required to bring 
personalized medicine to the patient treated with antiplatelet 
drugs to prevent arterial thrombosis. First, platelet function 
should be monitored in the context of thrombosis. Platelet 
thrombosis in vivo is initiated by adhesive proteins exposed on 
the vessel wall and stable thrombi result following adhesion, 
activation, aggregation, and thrombus stabilization, all occur- 
ring under conditions of shear. As thrombus stability is one of 
the issues, continuous monitoring of thrombus formation is 
essential for determining the effects of drugs that effect targets 



© 2005 International Society on Thrombosis and Haemostasis 



Treating arterial thrombosis 1585 



involved in thrombus stability, for example, in prostanoid 
metabolism and in ADP release. Although methods currently 
available such as light transrnittance aggregometry, the Ultegra 
Rapid Platelet Function Assay and platelet activation markers 
such as P-selectin expression are effective in monitoring the 
ability of end products of any one of these pathways to activate 
platelets, they are ineffective in monitoring thrombosis, the 
physiological response of platelets to thrombogenic surfaces 
under shear. Furthermore, while the PFA-100 device is capable 
of monitoring the time required for a platelet plug to form in 
apertures coated with ADP or collagen, it does not provide a 
continuous monitoring of the thrombotic process. A second 
requirement for the personalized monitoring of drugs to 
prevent arterial thrombosis is that it should not only be 
responsive to diverse drug classes but also be capable of 
determining the net effect on thrombosis achieved by combi- 
nations of antithrombotic therapies. At the present time, the 
four drug classes used to treat patients at risk for arterial 
thrombosis, aspirin, GP llb-IIIa antagonists, clopidogrel and 
anticoagulants, are used in combinations not properly evalu- 
ated for their net effect on thrombosis. Drugs against 
additional platelet and coagulation protein targets will become 
available. Required are technologies that will readily permit 
evaluation of how combinations of these drugs affect throm- 
bosis in patients receiving these drugs. A third requirement is 
that the method must be capable of monitoring individual 
differences in response to therapy. As outlined above, individ- 
ual differences in response to aspirin and clopidogrel have been 
observed - differences which appear to affect clinical outcome. 
While currently available techniques such as light transrnittance 
aggregometry, Ultegra, or PFA-100 are useful in monitoring 
responsiveness to both of these drugs as monotherapy, they are 
ill-suited to measure individual differences when combinations 
of drugs are employed, the emerging norm. It is also anticipated 
that this problem would be amplified when drugs against 
additional targets would be introduced. Finally, as the antico- 
agulants routinely used in blood collection such as citrate or 
direct thrombin inhibitors such as PPACK affect thrombosis, 
the monitoring method must be capable of assaying non- 
anticoagulated samples of blood. Perhaps the best example of 
anticoagulant interference in antithrombotic monitoring is in 
the development of GP lib-Ilia antagonists where citrate 
anticoagulation markedly overestimates antiaggregatory activ- 
ity [91]. The optimal method for monitoring individual 
thrombotic potential must be capable of either performing 
the assay in the absence of anticoagulants or of being able to 
determine how any given anticoagulant affects the assay. 

Use of perfusion chamber technology has perhaps provided 
the best hope of measurement of the thrombotic potential of 
individuals being treated with combinations of antithrombotic 
drugs. Perfusion chambers were designed 30 years ago in order 
to characterize the thrombotic process under shear conditions. 
The different types of perfusion chambers described in the 
literature can be classified according to their geometry (circular, 
annular, flat chambers) or the surfaces (blood vessels, isolated 
proteins) exposed to flowing blood. These techniques confer the 



advantage of studying platelet interactions with a thrombogenic 
surface under specific conditions of shear rate with either non- 
anticoagulated or anticoagulated blood. Major contributions to 
the field of thrombosis have originated from use of perfusion 
chambers. For example, the critical role of VWF and its 
interactions with GP lb and GP Hb-IHa to mediate platelet 
adhesion and thrombus growth under arterial shear rates, the 
involvement of GP VI and of the integrin a2pi in mediating 
platelet adhesion and activation on collagen. Inhibitors of P2Y 12 
and Cox-1 have also demonstrated antithrombotic activities in 
this system [92]. However, perfusion chambers are mostly 
utilized by academic institutions or by pharmaceutical and 
biotechnology companies in order to identify or validate targets 
and to develop antithrombotic drugs. Several limiting factors 
have prevented their use as a bedside device for monitoring drug 
efficacy in clinical trials - the skill required to determine 
thrombus size was not readily available in clinical settings; quick 
readouts for the patient were not available; end point quanti- 
fications left investigators without knowledge of the kinetics of 
thrombus formation, the more critical information. 

Results from several laboratories, however, have made 
progress in modifying these devices to circumvent these 
difficulties. Figures 3 and 4 illustrate the utility of monitoring 
the kinetics of thrombosis in perfusion chamber assays. In one 
instance, using non-anticoagulated samples of blood, we have 
shown that inhibition of P2Y 12 , Cox-1, or FXa did not 
significantly reduce thrombus size after a 4-min perfusion 
period over a collagen-coated surface. However, when more 
than one of these targets was inhibited, pronounced anti- 
thrombotic activity was observed. In another experiment, when 
human blood was anticoagulated with an FXa inhibitor and 
perfused through a chamber in the real-time assay, we observed 
that P2Y 12 antagonism with clopidogrel did not affect the 
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Fig. 3. Synergism between P2Y 12 antagonism, Factor Xa inhibition and 
aspirin. As indicated unanticoagulated blood was treated with an inhibitor 
for P2Y 12 (100 um 2MeSAMP) or Factor Xa (10 um C921-78). Aspirin- 
treated was from aspirin-treated individuals. The treated blood was 
perfused through a chamber coated with type EQ collagen at 1000 s" 1 
for 4 min and quantified as described [23]. 
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Fig. 4. Synergism between aspirin and P2Y 12 inhibition in blocking 
thrombus growth. Blood from a control individual, an individual treated 
with clopidogrel, or an individual treated with aspirin and clopidogrel was 
anticoagulated with a Factor Xa inhibitor, treated with rhodamine 6G to 
label platelets, and then perfused through a chamber coated with type HI 
collagen at 1000 s" 1 . The continuous accumulation of fluorescence was 
used to quantify platelet thrombus formation. 



initial thrombus growth triggered by fibrillar type III collagen 
under arterial shear rates. However, clopidogrel caused the 
thrombi formed during the first 3 min of perfusion to 
dissociate. Control thrombi formed in the absence of clopi- 
dogrel were stable and continued to grow. This demonstrates 
the limitations of end point analysis as the measured anti- 
thrombotic activity is dependent on the time of analysis. 
Retrospectively, this explains an apparent discrepancy found in 
the evaluation of the phenotype of P2Y^/~ mice [57]. P2Y^~ 
mice demonstrate a cyclic thrombotic process in vivo, but only a 
qualitative difference (i.e. more loosely packed thrombi) was 
observed after perfusion of non-anticoagulated blood for 
2.5 min over type III collagen. Evaluation of mono- and 
combination therapies in this assay confirmed the antithrom- 
botic efficacy of the different anti-platelet therapies, with GP 
Ilb-IIIa antagonists being inhibitors of thrombus growth, 
aspirin and P2Yi 2 antagonist destabilization agents, the 
combination aspirin + P2Y 12 antagonism showing a faster 
destabilization activity (Fig. 4). Thus, perfusion chamber 
technology is suited to meet the requirements of personalized 
medicine for individuals receiving antithrombotic therapies as 
the measurement is on thrombosis, it is responsive to diverse 
drug classes and it can be performed in the absence of 
anticoagulants. Future discoveries are required to adapt such 
technologies to devices that are readily available to individual 
patients. Finally, several laboratories have reported measure- 
ments of the inflammatory activities of platelets, e.g. sCD40L 
plasma levels, P-selectin expression, formation of platelet- 
leukocyte complexes. As recent data show that the inflamma- 
tory activity of platelets is important in the progression of 
atherosclerosis, it would also be desirable to develop methods 
to rapidly quantitate the platelet inflammatory activity in 
patients. 

Application of this personalized medicine approach to 
antithrombotic therapies does have significant hurdles to 
overcome before it can be used to reliably modify therapy. 



First, a bedside monitor of the thrombotic potential of 
individual patients needs to be developed. Second, recognizing 
that individuals will undoubtedly be heterogeneous with 
respect to vessel wall thrombogenicity, including the local 
shear environment, results using this device need to be 
correlated with clinical outcomes. 

Conclusions 

The current repertoire of drugs for the treatment of patients at 
risk for arterial thrombosis (e.g. ACS, diabetes, poststroke, 
peripheral artery disease, post-AMI) currently includes four 
classes of drugs - aspirin, GP Ilb-HIa antagonists, thieno- 
pyridines, and anticoagulants. Although each of these drug 
classes has proven efficacies for different indications, each has 
limitations that continue to permit thrombotic events during 
their use. In addition, emerging data suggest that a significant 
percentage of individuals treated with aspirin or clopidogrel do 
not receive the expected therapeutic benefit from therapy 
because of a decreased responsiveness by their platelets. Future 
directions in addressing these limitations will proceed in two 
parallel directions. On the one hand, it can be anticipated that 
new drugs, either offering improvements against known, 
validated targets, or against recently identified targets, will be 
forfficoming. Recognizing that platelets are now known to be 
directly involved in vascular inflammation including that which 
leads to the progression of atherosclerotic disease, it can be 
anticipated that some of these new therapeutic strategies will 
not only better address arterial thrombosis, but also inhibit the 
ability of platelets to deliver inflammatory proteins and growth 
factors which affect atherosclerotic lesion development. On the 
other hand, it has now become apparent that improvements are 
required in the devices used to monitor the thrombotic 
potential of individuals receiving therapy, both for the devel- 
opment of new antithrombotic drugs and to measure the 
effectiveness of combined antithrombotic therapies. It would 
appear that the most effective device is that which measures 
thrombosis in real time, is accessible to the patient at the point 
of drug administration, and can be performed in the absence of 
anticoagulation. Such a device would be capable of monitoring 
the activities of new classes of antithrombotics, of measuring 
variances of individual responses, and in evaluating the 
effectiveness of combined antithrombotic therapies. 
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